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CONVERSATION XII. 



ON THE ATTRACTION OF COMPOSITION. 



MRS. B. 

Having completed our examihatioh of the simple 
or elementary bodies, we are now to proceed to 
those of a corapbund nature ; but before we enter 
on this extensive subject, it will be necessary to 
make you acquainted with the laws by which che^ 
mical combinations are governed. 

You recollect, I hope, what we have formerly 
said of the nature of the attraction of composition^ 
or chemical attraction, or a£5nity, as it is also 
called? 

EMILY. 

Yes, I thinlc perfectly ; it is the attraction that sub- 
sists between bodies of a different nature, which oc^ 

VOL. XI. B 



casions them to combine and form a compound^ when 
they come in contact. 

Very well; your definition comprehends the 1st 
law of chemlcarl attraction, which is, that it takes 
place ohIi/ between bodies of a different nature ; as, 
for instance, between an acid and an alkali; be- 
tween- oxygen and a metal, &c. 

CAROLINE. 

That we understand of course ; for the attraction 
between particles of a similar nature is that of ag- 
gregation, or cohesion, which is independent of 
any chemical power. 

MRS. B. 

The 2d law of chemical attraction is, that tV 
tates place only between the most minute particles 
of bodies ; therefore, the more you divide the particles 
of the bodies to be combined, the more readily they act 
jipon each other. 

CAROLINE. 

That is again a circumstance which we. might 
have supposed ; for the finer the particles of the two 
substances are, the more easily and perfectly they 
will come in contact with each other, which must 
greatly facilitate their union. It was for this pur- 
pose, you said, that you used iron filings, in pre« 
ference to wires .or pieces of iron, for the decompo- 
sition of water. 



JnltS* B« 

It was once supposed that no mechanical power 
could divide bodies into particles sufEciently minute 
for them to act on each other ; and that, in order 
to produce the extreme division requisite for a che- 
mical action, one, if not both of the bodies, should 
be in a fluid state. There are, however, a few 
instances in which two splid bodies, very finely 
pulverized, exert a chemical action on one another ; 
but such exceptions to the general ^ule are very rare 
indeed. 

EMILY. 

In all the combinations that we have hitherto 
seen, one of the constituents has, I believe, been 
either liquid or aeriform. In combustions, for in« 
stance, the oxygen is taken from the atmosphere, 
in which it existed in the stafe of gas ; and when- 
ever we -have seen acids combine with mttals or 
with alkalies, they were either in a liquid or an aeri- 
form state. 

MRS. B. 

The 3d law of chemical attraction is^ that it 
can take place between txvOf three^ fouvy or even a 
greater number of bodies.'^Czn you recollect any 
examples of these double, triple, and quadruple com- 
binations ? 

CAROLINE. 

Oxyds an4 ^cids are bodies composed of two> 
constituents ; compound salts of three : but I recol* 

B2 



lect no instance of the combination of four princi- 
ples, unless it be amongst the earths in the forma- 
tion of stones. 

MRS. B« 

Such examples very frequently occur amongst 

the earths ; but you might have quoted, as instances 

« 

of quadruple compounds, all those that result from 
the combinations of acids with ammonia, or vola- 
tile alkalis 

CAROLINE. 

True. As ammonia is itself a compound, its 

union with the acids, which are also composed of 

two principles, must form a quadruple comblna^ 

tion. 

Mrs. b« 

' You will soon become acquainted with a great 
variety of these complicated compounds. Thfe 
4th law of chemical attraction is, that a change 
of temperature always takes place at the moment 
qf combination. This is occasioned by the change 
of capacity for heat, which takes place in bodies, 
when passing from a simple to a combined state. 
Do you recollect any instance of this, Emily ? 

EMILY. 

Yes ; swhen lime, or any of the alkalies, or alka- 
line earths, combine with, and solidify water, the 
^R'dle of its heat of liquidii ty is set at liberty. 



I had rather that yov had chosen any other in- 
stance, as the union of water with the alkalies and 
alkaline earths is not, strictly speaking, a chemi- 
cal combination ; for the water remains ia the -state 
of water, though condensed and solidified in the 
alkali ; and can be separated from it and restored 
to its fluid state, merely by the restitution of its 
heat of liquidity. 

I am going to show you a very striking instance 
of the change of temperature arising from the com- 
bination of diderent bodies.-^I shall pour some ni- 
trous acid on this. small quantity of oil of tur- 
pentine-«-the oil w^i Instantly combine with the 
oxygen of the acid, and produce a considerable 
change of temperature. 

Wi^t a blaze ! The temperature of the oil and 
the acid must be elevated, indeed, to produce such 
a violent combustion. 

MRS.-B. 

There is,. however, a peculiarity in this combus- 
tion, which is that the oxygen, instead of being de- 
rived from the atmosphere alone, is principally sup^ 
plied by the acid itself. 

EMILY, 

And are not all combustions instances of the 

b3 



change of temperature produced by the chemical 
combination of two bodies ? 

MRS* B» ~ 

Undoubtedly; when oxygen loses its gaseous 
form> in order to combine with a solid body, it be* 
comes condensed, and the caloric evolved produces 
the elevation of temperature. The specific gravity 
of bodies is at the same time altered by chemical 
combination; for in consequence of a change oF 
capacity for heat, a change of density must be pro- 
duced. 

CAROLINE. 

That was the case with the sulphuric acid and 
water, which, by^being mixed together, gave out a 
great deal of heat, and proportionally increased in 
density. 

MRS* B. 

I do not think the instance to which you refer is 
quite in point ; for there does not appear to be what 
we have called a true chemical combination between 
sulphuric acid and water, since they are only mixed 
together, and undergo no other change than a loss 
of caloric, so that they may be separated again 
from . each other merely by evaporating the water. 
Yet you have truly observed in this instance, that 
the particles of the tv^o fluids so far penetrate each 
other, as to form a more compact substance, in con* 



sequence of which a quantity of latent heat is forced 
out, and there is an increase of specific gravity. 

EMILY. 

The union of sulphuric acid and water, then, . 
resembles a simple solution radier than a chemical 
combination ; for the acid must^ like a dissolved 
salt, lodge in some manner between the particles of 
the water, or the water betweenf the particles of the 
acid, in order that the solution may be condensed. 

This mechanical explanation is plausible enough. 
You must, however, only consider it as a hypo* 
thesis to account for the fact ; for I fear, my dear^ 
we shall never be able to ascertain the mode of ac- 
tion or arrangement of the minutest particles of 
bodies ; all that we can conclude in the present case 
is, that since the sulphuric acid and water occupy 
a less space when mixed, than th^y do separately, . 
they must be condensed; whether from a mutual 
penetration of particles, or from any other cause, it 
is at present impossible to determine with any de- 
gree of certainty. 

The 5th law of chemical attiaction is that the 
properties which characterize bodies,^ when sepa- 
rate^ are altered or destroyed by their combina- 
tion. 

B 4 
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three principles, which would not, each separately^ 
, perform the decomposition. In this case there are 
two new compounds formed in consequence of a 
reciprocal decomposition and recomposition. AU 
instances of this kind are called double elective ai" 
tracttons. 

CAROLINE. 

I confess I do hot understand this clearly. 



MRS. B. 

You will easily comprehend it by the assistance 
of this diagram^ in which the reciprocal forces of 
attraction are represented by numbers; 

Original ctmp^und 

Su^hat of Soda. 

■»■ 
• ^1 

Soda 8 Sulphuric Acid «^ 

r 

Mtsutt K 

Nitrat \ $ 

of Soda 1 § 

. I _ 

Nitric Acid 4 Lime 

Origiaal tompttuni 
Nitrat of Lime. 

We here suppose that we are to decompose sul^ 
phat of soda ; that is, to separate the acid from the 
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^ Sulphat 
of Lime. 
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alkali ; if, for this purpose wc add some lime, in 
order to make it combine with the acid, we shall 
fail in our attempt, because the soda and the sul- 
phuric acid attract each other by a force which 
is (by way of supposition] represented by the 
number 8 ; while the lime tends to unite with this 
acid by an jiffinity equal only to the number 6* It 
is plain, therefore, that the sulphat of soda will not 
be decomposed, since a force equal to 8 cannot be 

* 

overcome by a force equal only to 6. 

CAROLINE. 

So far, this appears very clean 

MRS. B. 

If, on the other hand, we endeavour to decom- 
pose this salt by nitric acid, which tends to com- 
bine with soda, we shall be equally unsuccessful, as 
nitric acid tends to unite with the alkali by a force 
equal only to 7. 

In neither of these cases of simple elective at- 
traction, therefore, can we accomplish our purpose. 
But let us previously combine together the lime and 
nitric acid, so as to form a nitrat of lime, a com- 
pound salt, the constituents of which are united by 
a power equal to 4. If then we present this com- 
pound to the sulphat of soda, a decomposition will 
ensue, because the sum of the forces which tend to 
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preserve tbe two salts in their actual state, is noit 
equal to that of the forces which tend to decompose 
them, and to form new combinations. The nitric 
acid, therefore, will combing with the soda, and the 
sulphuric acid with the lime. 

CAROLINE. 

I understand you now very well, Thi^ double 
effect takes place because the numbers 8 and 4, 
which represent the degrees of attraction of the 
constituents of the two original salts, make a sum 
less than the numbers 7 and 6, which represent the 
degrees of attraction of the two new compounds 
that will in consequence be formed. 

MRS. B. 

Precisely so. 

CAROLINE. 

But what is the meaning of quiescent and divel- 
lent forces, which are written in the diagram ? 

MRS. B. 

Quiescent forces are those which tend to preserve 
compounds in a state of rest, or such as they actually 
are : divellent forces, those which tend to destroy 
that state of combination, and to form new com- 
pounds, k ' 

These are the principal circumstances relative to 



■ife 

tbe doctrine of chemical attractions, whicK have 
been laid down as rules by modem chemists ; a 
few others might be mentioned respecting the same 
theory^ but of less importance, and such as would 
take us to^ /^r/rogi q^]t pjax^, , . 
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CONVERSATION XIII. 



ON COMPOUND BODIES. 



MR& B. 

Haviko now given you some idea of the lawi 
by which chemical attractions are governed, we 
may proceed to the examination of bodies that are 
formed in consequence of these attractions. 

The first dlass of compounds that present 
themselves to our notice, in our gradual ascent to 
the most complicated combinations, are bodies com- 
posed of only two principles. The sulphurets^ 
phosphurets, carburets, &c. are of this description ; 
but the most numerous and important of these com^ 
pounds are the combinations of oxygen with the 
various simple substances, with which it has a ten- 
dency to unite. Of these you have already acqui- 
red some knowledge, and I hope you will not be at 
a loss to ^teU me the general names by which the' 
combinations of oxygen with other substances are 
distinguished ? 



1» 

EMILY. 

I bdk!f6 you told us that all the combbadons of 
oxygen produced either oxyds or acids. 

MRS. B. 

Very right ; and with what simple bodies will 
oxygen combine, Caroline? 

CAROLINE. 

With all the elementary ' substances, excepting 
the earths and alkalies. 

Very well, my dear; we may now, therefore} 
come to the oxyds and acids. Of the metallic 
oxyds, you have already some general notions. 
This subject, though highly interesting in its de* 
tails, is not of sufficient importance to our concise 
view of chemistry, to be particularly treated of; but 
it 18 absolutely necessary that you should be better 
acquainted with the acids, and likewise with their 
combinations with the alkalies, which form the 
triple compounds called neutral salts. 

You have, I believe, a clear idea of the nomen* 
clature by which the base (or radical) of the acid, 
and the various degrees of acidification, are ex* 
pressed? 



Yes^ I think sb; the add is disriiigiiidivdiby flie 

name of its base, akd its degp^ ef Ckciikf hf/Ast 
termination of that name in ous or ic ; thus sul- 
phurot^ acid is that formed by the smallest propor- 
tion of oxygen combined with sulphur; suli^iirtc 
acid that which results from the combinatieii «f 6id^ 
phur with the greatest quantity of oxygen. 

MRS. B, ■ 

A still greater latitude may, m ntany cases, be 
allowed to the proportions of oxygen than can be 
combined with acidifiable radicals ; for several of 
these radicals are susceptible of unf ting witti atpan- 
tity of oxygen 96 small te to be insufBcfenf to giv© 
them the properties of -acids ; in tticse d^i^ there-' 
fore, they are converted mto oxyds; • Such Is sul- 
phur, which, by exposui-e to the atmosphere with 
a degree of heat inadequate to produce mflamnia- 
tion, absorbs a small proportion of oxygen, which 
colours it red or brown. This tlierefore is the. 1st 
degree of oxygenation of sdphur ; the 2d converts 
it into su(pli\]r0t^^ acid ; the 3d Into the siilphur^r 
acid ; and, 4thly, if it was found capable of com- 
bining with a stiH larger proportion of oxygen, it 
would then be termed super-axygenatvd sulphuric 
acid. 



It 
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SMILY. 

Are these various 4egFee8 of oxygienatioh coni- 
moii to all the acids ? < 

No ; they vary much in this respect : some ac^ 
susceptible of only one degree of oxygenation'; 
oAers, of two, or three ; ther« are but very few 
that will admit of more. 

CAROLINE. 

The modern nomenclature must be of immense 
advantage in pointing out so easily Ae nature of die 
acids, and their various degrees of oxygenation. 

* 

iAc^asaiS* 

Certainly. But gi-eat as are the advantages df 
the new nomenclature in this respect, it is not pos« 
sible to apply it in its full extent to all the acids, 
because the radicals or bases of some of th^ are«tiU 
unknown. ' . ' 

CAJ^LIKE. 

If you are acquainted with the acid, I cannot 
understand how its basis can remain unknfawn-; 
you have only to separate the oxygen from it by 
elective attractions, and die basis must remain 
alone? 
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MRS. B. 

This is not always so easily accomplished as yoo 
imagine ; for there are some acids which no che^' 
mist has hitherto been able to decompose by any 
means whatever. It appears that the bases of these 
undecOmpounded acids have so strong an attrac- 
tion for oxygen^ that they will yield it to no other 
substance; and in that case, you know, all the e£» 
forts of the chemist are vain. 

. EMILY. 

But if th^e acids have never been decomposed* 
should they not be classed with the simple bodies; 
for you have repeatedly told us that the simple 
bodies are rather such as chemists are unable to 
decompose, than such as are really supposed to coa^ 
sist of only one principle ? 

MRS. B. 

Analogy affords us so strong a proof of the com* 
pound nature of the undecompounded acids, that. I. 
never could reconcile myself to classing them with 
the simple bodies, diough this division has been 
adopted by several chemical writers. It is certainly 
the most stiictly regular; but, as a systematical arr 
rangcment is of use only to assist the memory 
in retaining facts, we may, I think, be allowed 
to deviate from it when there is danger of pro« 
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diicing confusion by following it too closely ; and 
this, I believe, would be the case, if you were taught 
to consider the undecompounded acids as elementary 
bodies. 

EMILY. 

I am sure you would not deviate from the me« 
thodical arrangement without good reason.— But 
pray what are the names of these undecompounded 
acids? 

MUS. B. 

There are three of that description s 
The muriate acid. 
The boracic acid. 
Thtftuoric acid. 
Since these acids cannot derive their names from 
Adr radicals, they are called after the compound 
substances from which they are extracted. ' 

I r • 

CAROLINE* 

We have heard of a great variety of acids ; pray 
kow many are there in all ? 

^ MRS. B. 

I believe there are reckoned at present thirty^ 
four, and their number is constantly increasing, a» 
the science improves ; but the mos't important, )ind 
those to which we shall almost entirely confine our 
attention, are but few. I shall, however, give yon 
a general view of the iiriiole; and then we diaH 
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faMte particulari^r ox^ine those 'that ate die most 
essential. 

This class, of bddies. ?w^ forinerly^divLded kito 
mineral, vegetable, and animal acids, accordmg to 
the substances from which they were extracted. 

CAROLINE. 

Thai I' should thkJc must have.been aa exceUent 
arrangement ; wliy was it altered ? 

Because in many, casea/it prodtioBd .confusion. 
In which class, for instance, .would- yen place car- 
bonic acid ? 

caroli:ns% 

NqwI'See the dsfficiiltjr. 1 i[houl4'be kt\z. loss 
where to plsBce:aC, Jts^^ij havetold on. that it exists 
in the animal, vegetable, and mineral kingdoms. 

« 

RMII^Y. 

There would be the same-dl^eetiion whh respect 
to phosphoric acid, which, though obtained chiefly 
from bones, can also^'"- you laid, be ibund in small 
quantities in:$tpnfts,:aad likewise i& s6me pJiantis.' 

MRS. 9. 

Yaujfie,' ti)ierefo]'e,Jthe proprietyof changing this 
node iaf ^ciassfi&cdtioa. These bl^eictians Ay not 
^xist in the present aomenclatiire ; Ibr the caii>po* 



Acids of known and sim* 
pie bases. 
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sition and nature of eath iiidMdual acid is in some 
decree poiilted out» inBtted of the class *o!( bodies 
from which it is eitlrd^eed ; atfil) i^ith rtpLtA lo dM 
more gen^ntl^vi^on'of adids^ they are dassedtm'-t 
der these fear h^ftdfc ! 

Isr, Acids of known and simple bases, which are 
formed by the union of these bases with oxygen. 
They are the following J - 

The StUphuric ^ ' 

Carbonic 
Nitric 
Phosphoric 
Arsenical 
Tungstenic 
Moh/bdenic 

2dly9 Those of unknown bases : 

The Muriatic 

Boracic \ Acids of unknot!) bases* 

Fluoric 

These two classes comprehend the most anciently 
known, and most importaiit acids. The sulphuric, 
nitric, and muriatic, were formerly, and are still 
frequently, called mineral acids. 

Sdly, Acids that have d6uble or binary radicals, 
and which consequently consist of triple combina- 
tions. These are the vegecable acids, whose com- 
mon radical is a compound of hydrogen- and car« 
bone. 
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CAEOLINE. 

But if the basis of all the vegetable acids be the 
same» it should form but one acid ; it may indeed 
combine with different proportions of oxygen, but 
the nature of the acid must be the same ? 

MRS. B. 

The only difference that exists in the basis of 
vegetable acids, is the various proportions of hy- 
drogen and carbone from which it is composed. 
But this is enough to produce a number of acids 
apparently very dissimilar. That they do not, how- 
ever, differ essentially^ is proved by their susceptibi- 
lity of being converted into each other, by the addi* 
tion or subtraction of a portion of hydrogen or of 
carbone. The names of these acids are, 



The Acetic 




Oxalic 


. 


Tartaroiis 


- 


Citric 




Malic 
GaUic 
Mticctis 


Acids of double bases, be< 
ing of vegetable origin. 


Benzoic 




Succinic 




Camphoric 
Suberic 


• 
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The 4th class of acids consists of those which 
have triple radicals, and are therefore of a still more 
compound nature. This class comprehends the 
animal acids, which are : 



The Lactic 
Pmssic 
Formic 
Bornbic 
Sebacic 
Zoonic 
Lithic 



Acids of triple bases, or 
animal acids. 



I have given you this summary account or enu* 
meration of the acids, as you may find it more sa* 
tisfactory to have at once an outline, or general no* 
tion of the extent of the subject ; but we shall now 
confine ourselves to the two first classes, which re* 
quire our more immediate attention ; and defer the 
few remarks which we shall have to make on the 
others, till we treat of the chemistry of the animal 
and vegetable kii^doms. 

The acids of simple and known radicals are all 
capable of being decomposed by combustible bodies^ 
to which they yield their oxygen. If, for instance, 
I pour a drop of sulphuric acid on this piece of 
iron, it will produce a spot of rust; you know what 
that is ? 



2* 

ciARoi-:nf5, 

Yes,- It k an oxyd, formed by the oicygen 6f thii 
acid cotabming ^ith the irori, 

MRS. B. 

In this case you see the sulphur deposits the oxyr 
gen by which it was acidified on the metal. And 
again, if we pour some acid on a compouiid coin«> 
bustible sjibstance (we shall try it on this piece of 
wood), it will combine with one or more of the 
constituents of that substance, and occasion kdecom* 
position. . 

EMILY. 

It has* changed the colour. of die wood to black. 
How 18 that^? 

MRS. B. 

' The Oxygen deposited by the acid has btimt it ; 

you know that Wood in btirtillig becomes black be-> 

ft>re it is redticed to BBhts, Whether it derivei the 

oxygen ^^hich* burns it frcrm' Ac atmdspherty or 

• 
from aiiy othdf soutce, die' chemical effect on 

the wood is the same. In the cd&e of risal coralms^ 

tibn, v>^)od becomes black because it is reduced 

to the state of charcoal by the evaporation of its 

other constituents. But can you tell me the reason 

iVhy wood turns black when burnt by the appli* 

cation of an acid ? 
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CAROLINE. 

F^t, tell me what are the ingredients of wood i 

MRS* B* 

Hydrogen and carbone are the chief constituents 
of wood» as t)f all other vegetable substances* 

CAROLINE. 

Well, then, I suppose that the oxygen oi the 
acid combines with the hydrogen of the wood, to 
form water ; and that the carbone of the wood, re* 
maining alone, appears of its usual black colour. 

MRS* B». 

Very well indeed, my dear; that is certainly the. 
most plausible explanation* 

bmilV. 

Would not this be a good method of making 
charcoal ? 

MRS* B. 

It would be an extremely expensive, and, I believcp 
very imperfect method ; for the action of the acid 
on the wood, and the heat produced by it, are far 
from sufficient to deprive the wood of all its evapo* 
rable partSk 

CAROLINE. 

What is the reason that vinegar, lemon, and thei 
acids of fruits, do not produce this effect on wood t 

TOL. IX. C 
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MRS. B. 

Thpy are vegetable acids, whose bases, arc com* 
posed of hydrogen and carbone ; the oxygen, there- 
fore, will not be disposed to quit this radical, where 
it is already united with hydrogen.. The strongest 
of these may, perhaps, yield a little of thbir oxy- 
gen to the wood, and produce a stain upon it ; but 
the carbone will no( be su£9iently uncovered to 
asfijuixxe its black colour. Indeed,^ the several mi- 
peral acids themselves possess this power of char- 
ring wood, in very differient degrees. 

m 

EMILY. 

Cannot vegetable s^oids be decomposed by any 
combustibles ? 

'MRS. fi. ' 

» * 

No ; because their radical is composed of two 
substances which have- «2^ greater attraction for 
oxygen than any known body., . . 

CAROLINE. 

And are those strong adds, which burn and de» 
compose wood, capable of , producing similar eflecti 

on the skin and fle$h of animals.? 

I. 

Mrs! b. 

Yes; all the mineral acid3% and one of them 
more* especially, possess powerful caustic .quajilti^. 
TJiey actually corrode and destroy, Ihe skloi and 
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flesh; but they do not produce upon these ex« 
actly the same alteration as they do on wood, pro* 
bably because there is a great proportion of nitrogen 
and other subfta^ces id animal ma<ter; which pre- 
vents the separation of carbone from being so con- 
spicuous. 
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<!;ONVERSATION XIV. 

OP THE SULPHUBIC AND PHOSPHOfilC 
ACIDS : OR THE COBIBIN ATIOKS OF OX Y- 
GEN WITH SULPHUR AND PHOSPHORUS^ 
AND OF THE SULPHATS AND PHOSPH ATS. 



MRS. lU 

In addition to the general soirey which we have 
taken of acids, I think you will find it interesting tB 
examine 'individnally a few of the most interesting of 
the^^ and likewise some of their .principal comfoi- 
.nations with the alkalifa, alkaline eardis, and metals. 
The £ist of die acids» in point of importance, is the 
SULPHURIC, formerly called oil of vitrioU . 

CAROXINE. 

I have known it a loi^ time by that name. But 
hadifio idea that it was the saine fluid as sulphuric 
acid. 'What Fcsemhiance or connection can there 
be between oil of iritricd amd diis acid ? 

MRS. B. 

Vitriol is the common name for jiulphat of iron^ 



s 
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a salt whkb' is formed by the combination of sul- 
phuric acid and iron ; the sulphuric acid was formerly 
obtained by distillation from this salt, and it very 
naturally received its name from the substance which 
affi>rded it. 

CAROLINE* 

But it is still usually called oil of vitriol f 

MRS. B. 

Yes ; a sufficient length of time has not yet 
elapsed, since the invention of the new nomenclature, 
for it to be generally disseminated; but, as it is 
adopted by all scientific chemists, there is every reason 
to suppose that it* will 'gradually become universal. 
When I received this bottle from the chemist*s, th« 
name written on the label was oil qfvitriof-, but, a$ 
Isknew you were very punctilious in regard to the 
nomenclature, I changed it, and substituted the 
modem name. 

EMILY. 

This acid has neither colour nor smell, but it ap^ 
; p^ars much thicker than water. 

MRS. B. 

It is twice as heavy as water, and has, you see, 
the appearance and consistence of oil. 

CAROLINE. 

And it is probably from this circumstance that 

03 
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it has been called an oil, for it can have no*rcat 
claim to that name, as it does not contain either hy- 
drogen or carbone, which are the essential consti- 
tuents of oiL 

MRS. B. > • 

Certainly ; and therefore it would be the more 
absurd to. retain * a name which owed its origin to 
such a mistaken analogy. 

Sulphuric acid, in its purest state, would be a con- 
crete substance, but its attraction for water is stick 
that it is impossible to preserve it in that sute; it is^ 
therefore, al^s^ays seen in a liquid fprnii (Hchasiymi 
here find it. One of the most striking profftSties bS 
sulphuric acid is that of evolving a "considerable 
quantity of heat when mixed with wat^r]; this I 
have already shown you. 

SMILY. 

Ves, I recollect it ; but what was the degree oi 

heat produced by that mixture ? 

. . . • • 

MRS. B. f 

The thermometer may. be raised by it to 300*, 
which is considerably above the degree of boiling 
Water. 

CAROLINE. 

Then water might be made to boil in that mix- 
fure ? 
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• . * • If i 

MRS. B, , . 

Nothing more easy, provided that you employ 
miEcient quantities of acid and of water, and in the 
due proportions. The greatest heat is produced by a 
mixture of one part of water to four of the acid ; 
"we shall make a mixture of these proportions, and 
immerse this thin glass tube, which is full of water, 
into it. 

CAROLINE. 

The vessel feels extremely hot, but the water 
does not boil yet. 

MRS. B, 

You must allow some tin>c for the heat to pene- 
trate the tube, and raise the temperature of the watj^r 
to the boiling point— / 
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CAROLINE. 

Now it boils— and with increasing violencjp. 

MRS. b\ 

But it will not continue boiling long; for th« 
mixture gives out heat only while the particles of 
the water and the acid are mutually penetrating 
each other : as soon as the newt^rrangement of 
those particles is effected, the mixture will gradually- 
cool, and the water return to its former tempera* 
ture. 

You have seen the ii^anner in which sulphuric 
acid decomposes all combustible substances, whether 

C 4 
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animali vegetable, or mineral, and bums them by 

means of its oxygen ? 

CAROLINE. 

I have very unintentionally repeated the experi- 
ment on my gown, by letting a drop of the acid fall 
upon it, and it has made a terriUe stain, which, I 
suppose, will never wash out. 

V 

MRS. fi. 

No, indeed ; for, before you can put it into water^ 
the spot will become a hole, as the acid has literatljr 
burnt the muslin. 

CAROLINE. 

So it has, indeed ! Well, I will fasten the stop- 
per and put the bottle away, for it is a dangerous 
substance.— -Oh, now I have done worse still, for I 
have spilt some on my hand ! 

MRS. B. 

It is dien burned, as well as your gown, for yon 
know diat oxygen destroys animal as well as ve- 
getable matter ; and, as far as die decomposition of 
the skin of your finger is effected, diere is no reme- 
dy ; but, by washing it immediately in water, you 
will dilute the acid, and prevent any further injury. 

CAROLINE. 

It feels extremely hot, I assure you. 
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MRS« B 

You have now learned, by experience, how cau* 
tiously this acid must be used. You will soon be- 
come acquainted with another acid, the nitric, which 
though k produces less heat on the skin, destroys 
it still quicker, and makes upon it an indelible 
stain. You should never handle any substances of 
diis kind, without previously dipping your fingers in 
water, which will weaken their caustic efiects. But, 
since you will not expose your fingers again, I must 
put in the stopper, for the acid attracts the moisture 
. ftocn the atmosphere, which would destroy its strength 
and purity. 

EMILY. 

Pray, how can sulphuric acid be extracted from 
• aulphat of iron by distillation ? 

The process of distillation, you know, consists in 
separating substances from^one another by means of 
their different degrees of volatility, and by die intro- 
duction of a new chemical agent, caloric. Thus, if 
suiphat of iron be exposed in a retort to a proper 
degree of heat, it will be decomposed, and the sul- 
phuric acid win be volatilized. 

emilV. 

But now that die process of forming acids by the 

C5 



combustion of their radicals is known, why shonU 
not this method be used for making sulphuric acid? 

m 

MRS. B. 

This is actually done in •most mannfactaies ; but 
the usual method of preparing sulphuric acid does 
not consist in burning the sulphur in oxygen gas 
(as we formerly did by the way of experiment), but 
in heating it together with another substance, jdcre, 
which yields oxygeir in sufficient abundance to 
render the combustioh in common air rapid add 
complete. 

CAROLINE. 

This substance, then, answers the same purpose 
as oxygen gas ? 

MRS. B. 

Exactly. In manufactures the combustion is per- 
formed in a leaden chamber, with water at the bot- 
tom, to receive the vapour and assist its condensa- 
tion. The combustion is, however, never so per- 
fect but that a quantity of sulphurous acid is' formed 
at the same time; for you recollect that the sul- 
phurous acid differs from the sulphuric onPyhy con- 
taining less oxygen. 

From its own powerful properties, and from the 
various combinations into which it enters, sulphuric 
acid is of great importance in many of the arts. 

It is used also in medicine in a ^tate bf ' g^eat di- 
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lution ; for were it taken internally, in a concentrated 
state, it would prove a most dangerous poison. 

• 

CAROLINE. 

I am sure it would bum the throat and stomach. 

■ 

MRS. B. 

♦ f 

Can you think of any thing that would prove an., 
antidote to this poison ? . , 

CAROLINE. 

A large draught of wj^fjer to -dilute it. 

MRS.' B.' 
., .. • •• 

That would certainly yftzVtn the power of the 
acid, but it would increase the heat to an intolerable 
degree. Do you recollect- nothing that would de« 
stroy its deleterious effects more effectually ? 

♦ • 

EMILY. 

An alkali might, by combining with it; but, th^n, .. 
a pure alkali is itself a poison, on account of its 
causticity. 

MRS. B. 

There is no necessity that the alkali should be 
caustic. Soap, in which }% is combined with oil : or 
magnesia^ either in the state of carbonat, or mixed 
with water, would prove the best antidotes. 

C6 
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emily; 



emily; 

In those cases, then, I suppose, the potash and 
the magnesia v^ould quit their combinations to form 
salts with the sulphuric acid ? 



salts with the sulphuric acid I 



MRS. B. 

Precisely. 

We may now make a few observations on the 
8uIphur<)t/J acid, which we have found to be the 
product of sulphur slowly and imperfectly burnt. 
This acid is distinguished by its pungent smell, and 
its gaseous form. 

CAROLINE. 

Its aeriform state is, I suppose, owing to the 
smaller proportion of oxygen, which renders jt 
lighter than sulphuric acid ? 

AiRS. B. 

Piobably; for by adding oxygen to the weaker 
acid, it may be converted into the stronger kind. 
But this change of state may also be connected 
with a change of a£Bnity with regard to caloric. 

EMILY. 

And may sulphurous acid be obtained from sul- 
phuric acid by a diminution of oxygen ? 

AiRSs B* 

Yes ; it can be done by bringing any combustible 
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substance in contact with die acid* This decom* 
position is most easSy perfonned by som& of die 
metals ; these absorb a porrion of the oxygen from 
the sulphuric acid, which is thus converted into the 
sulphurous, and flies oflF in its gaseous form. 

CAROLINE. 

And cannot the sulphurous acid itself be decom* 
posed and reduced to sulphur ? 

MRS. B. 

Yes ; if diis gas be heated in contact with char* 
coal, the oxygen of the acid will combine with it, 
and the pure sulphur be regenerated. 

Sulphurous acid is readily absorbed by water ; and 
in this liquid state it is found particularly useful in 
bleaching linen and woollen cloths, and is much used 
in manufactures for those purposes. I can show 
you its effect in destroying colours, by taking out 
any iron-mould, or vegetable stain— »I think I see a 
spot on your gown, Emily, on which we^may try 
the experiment* 

EMILY. 

It is the stain of mulberries ; but I shall be al- 
most afraid of exposing my gown to the experiment, 
after seeing the eflPect which the sulphuric acid pro- 
duced on that of Caroline— 
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There is ho such danger from the sulphurous j 
but the experiment must be made with gredt cau- 
tion, for, during the formation of sulphurous acid 
by combustion, there is always some sulphuric pro- 
duced. 

CAK0LIN1E. 

But where is your sulphurous acid? 

MRS. B. 

We may easily prepare some ourselves, simply 
by burning a match ; we must first wet the stain 
with a little water, arid how hold it in this way, at a 
little distance, over the lighted match : the vapour 
that arises from it is sulphurous acid, and the stain, 
you see, gradually disappears. 

EMILY. 

I have frequently taken out stains by this means, 
without understanding the nature of the process. 
But why is it necessary to wet the stain before it is 
exposed to the acid fumes ? 

3IRS. B. • 

The moisture attracts and absorbs the sulphur- 
ous acid; and it serves likewise to dilute any 
particles of sulphuric acid which might injure the 
linen.* 
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Surphlit fa susceptible oF^ a thiri combination 
wife oxygeft, in-which the pi-bportfoh 'of the latter 
is too smail to render the sulphur acid. It acquires^ 
tBis sKght oxygenation hf liter* exposure to the at- 
mospherei Withdiit any tlevati6fi' of temperature : in 
this case, the. sulphiit tfoes riot changie its haturaF 
form, but is only discoloured, being changed to red 
or brown ; and in this state it is an oxyd of. syl« 
phur. ^ ' ^ ' 

Before we talfe^'16Sve't)f -the 'Sulphuric ^a^id, we 
shall say a few words of its principal combina* 
tions. It unites with all the alkalies, alkaline eartbs, 
andmetalL"' ' ' • ' -r' •- ^''' <' ' '• - -^'^-^^ 

Pray, gitne *me teaTe t8 iiitefrtipt you for a mo- 
ment: yoii Havel rievet m6ntioiled any 6ther salts 
than the'compotrnd ofr rieuitial salt^ ; is' there no other 
kind-f .. . J .. ' - 

. • i MRS* .B.^ *. ■ - 

The term salt has'befen used, frotti*time imme- 
morial, as a kind of general name, for any sub- 
stance that has savour, odour, is soluble in water, 
and crystattteable, whether It' be of an acidj^" an al- 
kaline, or* compound nature ; out the' coriippund 
salts alone retain that appellation in modern che- 
mistry. 

The most 'iniportant of* the salts, formed by the 
(5ombitaations of the stflphunc icid, are, 1st, sulphat 
cf poiush, fermcMjhdatfe^5J? f'otytWesf: ''th7s is a' 
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very bitter salt, much, used inoicdicuie i k a feund 
in the ashes of most vegetables, but it may be pre* 
pared artificially by the immediate combinatioa of 
sulphuric acid and potash. This salt is easily 
soluble in boiling water. Solubility »» indeed, a 
property common to all saltan and they always pio* 
duce c(dd in melting. 

EMILY. 

That must be owing to die caloric which diey 
absorb in passing from a solid to a fluid form* 

MRS. B* 

That isy at least, the most probable explanation. 

Stdphdt ofsoda^ coomionly called Glauber's sais, 
is another medicinal salt, which is still more bitter 
than the preceding. We must prepare some of 
diese compounds, that you may observe the pheno- 
mena which takes place during their formation. 
We need only pour some sulphuric acid over the 
soda which I put into this glass. 

CAROLINE. 

What an amazing heat is disengaged.— I thought 
you said that cold was produced by the melting of 
salts ? 

MRS. B. 

• 
But you must observe that we are now makingy 
not melting a salt. Heat is disengaged during the 
formation of compound salts, because the acid goes 



into a more dense state ia the salt than that in which 
it existed before. A faint light is ako emitted, 
*which may sometimes be perceived in the dark. 

EMILY. 

If the oxygen, in combining with the aUuiIi* 
^disengages light and heat, an actual combustion 
'takes place? 

MRS. B« 

Not so fast, my dear; recollect that the alkalies 
are incombustible substances, and incapable of com- 
bining with oxygen singly. They are not acted 
on by this principle, unlets it presents itself in a 
ittte of union with another body; and, therefore, 
the combination of an acid with an alkali cannot be 
called combustion* 

CAROLIKE. 

. Will this sulphat of soda become solid i 

MRS. B. 

We have not, I suppose, mixed the acid and the 
alkali in the exact proportions that are required for 
Ae formation of the salt, otherwise the mixture 
would have been almost immediately changed to a 
solid mass ; but, in order to obtain it in crystals, as 
you see it in this bottle, it would be necessary first 
to dilute it with water, and afterwards to evaporate 
die water, during which operation the salt would 
gradually crystallize. 
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CAROLINE* 

But of what use is the addhioa of vrai^-, if i is 
afterguards to be evaporated ? 

when suspended in water, the add and the alkali 
are more at Hbertjrto act on each other, their union 
is more complete, and the salt assumes the regular 
form of crystals during the slow evaporation of its 
solvent. 

Sulphat of loda liquefies hj heat, and efflorescet 
tntheath ... 

•' EMILY. 

Pray what is the meaning of the word effloresces f 
I do not recollect your having 'meiitioned it before. 

' itlRS. B. 

A salt Is said to effloresce when \t loses its. 
water of crystallization on being exposed to the at- 
mosphere, and is thus gradually converted into a dry 
•powder; you may observe that these crystals of'sul* 
phat of soda are far from possessiitg that" transpa- 
rency wliich belongs to their crystalline state ; they' 
arc covered with a white powder, occasioned by 
their having bfcen exposed to the atmosphere, which 
has deprived their surface of its lustre, by absorbing 
its watef of crystallization. Salts are, in general, 
dther efflorescent or deliquescent: this latter pro- 
perty is precisely tlie reverse of the former \ that is 
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to say, ckiiques^fK salts ^absorb water from the at- 
mosphere^ and are moistened and gradually melted 
by It. Muriat of lime is an iristance of great deli- 
quescence. ; ' , ' 

But are there no salts that have the same degree 
of attraction for watef as the atmosphere, and that 
will consequently «ot be aflFeoted by it ? 

♦ / ..r. ; ' f • .-Mis. B. • . 

. Ycs;.therfeii*<fiTi8hy stithsdti, as, fdr instance,' 
the common kit<dieti Sftky^aulphat of magnesia, andf 
a variety of others. • : * ' -' 

Suiphat of lime is very common in nature, and 
constitutes the >YeH-known substance called ^pmm> 
orpiauterof'Partg^ » : '^ 

Suiphat of magnesia^ commonly called JEpsoni 

-^ • 

salty is again a very bitter niedicine, which is ob- 
tained frptA sea-Water and from several springs, or 
BMiy be prepared by the direct combination of iti 

ingredietita* 

We have formerly mentioned suiphat of alu^ 
mine as 'Col^8tit«tlng^hiB ebntobn alum; it is found 
in nature chiefly in the'neighbourhood of volc^nos, 
and is particularly ijseful in the arts, from its strong^ 
astringent qualities. It is chiefly employed by dyerff 
and calicQ- printers to fix colours; and is used al^C^ 
in the manufacture of leather,- 
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Sulphuric acid combines also with die metals. ^~■ 

CAROLINE. 

One of these combinations^ sulphat of rron^ Vfi^ 
are already well acquainted with. 

MRS. 1^. 

That is the most important metallic salt formed by 
sulphuric acid» and the only one that we shall here 
notice. It is of great use in the arts ; and, in me* 
dicine» it affords a very valuable tonic: it is of this, 
salt that roost of those preparations called $ttd mtdw 
cines are composed. 

CAROLINE. 

But does any carbone enter into these composi^ 
lions to form steel?. 

MRS. B. 

Not an. atom ;. they are, therefbre, very, impro* 
perly called steel : but it is the vulgar appeUation* 
and medical men themselves often comply with the 
general custom.. 

Sulphat of iron may be prepared, as you have 
seen, by dissolving iron in sulphuric acid ; but it is 
generally obtained from the natural production called 
PyriteSi which, being a sulphuret of iron, requires 
poly exposure to the atmosphere to be oxydated, in 
order to form the salt; this, therefore, is much the 
most easy way of procuring it on a large scale. 



EMILY.' 

'f am surprised to find that both acids and con>- 
pound salts are generally obtained from their various 
combinations, rather than from the immediate union 
of their ingredients. 

JnRS* B* 

Were 'the /simple bodies always at hand, their 
combination would naturally be the most convenient 
method of forming compounds ; but you must con- 
^^ider that, in most instances, there is great difiBculty 
Hhd expence in obtaining the simple ingredients 
fl'om their combinations ; it is, therefore, often more 
expedient to procure compounds ft'om the decompo* 
fiition of other compounds. But, to return to the 
sulphat of iron.— There is a certain vegetable acid 
called Gallic acid^ which has the remarkable pro«- 
{>erty of precipitating this ^alt Uack—I shaU pour a 
few drops of the gallic acid into this solution of 
sulphat of iron—* 

CAROLINE. 

It is become as black as inkl 

« 

MRS. B. 

And it is ink in reality. Common writing ink 
-is a precipitate of sulphat of iron by galHc acid"; 
the black colour is owing to the formation of 
gallat of iron, which being insoluble, remains sus* 
pended in the fluid. 

This acid has also the property of altering the 
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colour of iron in its nje^^ljicj state. You may fre- 
qjue^tlg;.jsecfits ei^ctj QO^he hla4Q 9f.a;^ifc tfiat fias 
f^?.ftP?^^ to ^ut,.cefftain kjpdsr of fruits* , ,, 



CAROLINE. 



True ; and that is, p^rhsp;, the reason that a sil- 
ver-knife i$t preferred. to c«< fruit»,;,.th|5 gallic .acid, I 
suppose, do?§, not ^gt upon ^ijyfr^Trls this acid 
found in ^11 fruits? . 



.MRS. B. 



/ It is contained, more or less,- in the. rind of most 
fruits. and roots, .especially the radish, which, if 
scraped. with .a stQel^or ^on knife,, b^ ifs^ bright red 
i^olopr chang^ to ,a deepipprple,. tbc :l^^g|fle .being; at 
thesa^n^ time jbUckqngclj .^EiHt|tlie..:V^etabJe sub- 
s^ajQce in which, the gplHc /^id/inpst^abounds. is 
Wf'gflJi^ ^ kind of CKcrescencc th^ grows on oafcs^ 
and from whict^ (hejja^ud is comni^Ijr obtained fo^ 
its various purposes. — r: 

• • ■ ■ . . ^ 
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MRS.. B. 

We now come to, the phosphoric and PHos- 
PHOROUs AciDSf \n treatipg of pt^osphorus, you 
have seen how t^e^^; acids* u^ayibe.^ obtained frpm.iC 
by combusCix)n ? , • • * :,,• . .; : 

EMILY. • .. 

. . • Yes^. but,! sJ}a}ijd',^e,;iiujcb.surpri$cd if it svas 
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the usual method of obtaining them, since it is so 
very difficult to procure phosphorus in its pure 
state. 

MRS. B. 

« • * • • * 

You are right, my dear ; the phosphoric acid, for 
gei^er^ .purposps^ isiex(rc^tqd from hoi^es, lAi^hic^ 
it; is contained ii; the, state of phospbat of lime ; 
from this salt the phosphoric acid is separated by 
means of the sulphuric, which combines with" Ihe 
lime. In its pure state ph'os|)horic acid is either 
liquid or solid, according to its degree of concen* 
tiation. 

Amongst the salts formed. by this acid, phosphat 
of lime is. the only one that affords much interest; 
and this, we have already observed, constitutes the 
basis of all. bones. It is also found in very small 
quantities in some vegetables. 
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CONVERSATION XV. 

OF THE NITRIC AND CARBONIC ACIDS : OR 
THE COMBINATIONS OF OXYGEN WITH 
NITROGEN AND CARBONE ; AND OF THE 
NITRATS AND CARBONATS. 



MRS. B. 

I AM almost afraid of introducing the subject of the 
NiTRic^AciD, as I am sure Caroline will have no 
mercy on me, for not having made her acquainted 
ivith it before. 

CAROLINE. 

Why so, Mrs. B— ? 

MRS. B. 

Because you have long known its radical, which 
is nitrogen or azote ; and, in treating of that ele« 
ment, I did not even hint that it was the basis of an 
acid. 

CAROLINE* 

Indeed, that appears to me a great omission ; for 
you made us acquainted with all the other acids, in 
treating of their radicals. 
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I would advise you not to be too hasty in your 
censure, Caroline ; for I dare say that Mrs. B— had 
some very good reason fdr not mentioning this acid 
flponer. 

MRS. B. 

I do not know whether you will think' the reason 
ftifficiently good to acquit me ; but the omission, I 
assure you, did not proceed from negligence. You 
may recollect that nitrogen was one of the first 
simple bodies which we examined ; you were theA 
ignorant of the theory of combustion, which J be* 
lieve was, for the 6rst time, mentioned in that lesson; . 
and therefore it would have been in vain, at that 
time, to have attempted to explain the nature 
and formatioQ of acids. 

CAROLINE^ 

I wonder, however, that it never occurred to ut 
tp inquire whether nitrogen could be acidified ; for, 
9iS we knew it was classed amongst the combustible 
l>odie6, it was natural to suppose that it might pro** 
duceanacid. 

MRS. B. 

That is not a necessary consequence ; for it might 
combine with oxygen only in the degree requisite to 
^form an oxyd* Bui you will find that nitrogen is 
JOaceptible of various degrees of oxygenation^ some 

VOL» II. O 
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of which convert it merely into an oxyd, and others 
give it all the acid properties. 

The acids, resulting from the combination of 
oxygen and nitrogen, are called the nitrous and 
NITRIC acidsJ We will begin with the nitric, in 
which nitrogen is in the highest state of oxygenation. 
This acid naturally exists in the form of gas ; but 
it is so extremely soluble in water, and has so great 
an aflSnity for it, that one grain of water will ab- 
sorb and condense ten grains of acid gas, and form, 
the limpid fluid which you see in this bottle. 

CAROLINE. 

What a strong offensive smell it has ! 

MRS. B. 

This acid contains a greater abundance of oxygen 
than any other, but it retains it with very little 
force. 

EMILY. 

^ 

Then it must be a powerful caustic, both from 
.the facility with which it parts with its oxygen, and 
the quantity which it affords ? 

MRS. B« 

Very well, Emily; both cause and effect are 
exactly such as yoi^ describe : nitric acid bums and 
destroys all J^inds of organized mattei:. It eyea sets, 
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fire to some of the most combustible substances.— 
We shall pour a little of it over this piece of dry , 
warm charcoal— you see it inflames it immediately; 
it would do the same with oil of turpentine, phos- 
phorus, and several other very combustible bodies. 
This shows you how easily this acid is decomposed- 
by combustible bodies, since these effects must de- 
pend upon the absorption of its. oxygen. 

Nitric acid has been used in the arts from time 
inimemorial, but it is not more than twenty-£v6 
vears that its chemical nature 'has been ascertained. 
The celebrated Mr. Cavendish discovered that it con-* 
sisted of 20 parts of nitrogen and 80 of oxygen. 
These principles, in their gaseous state, combine at a 
high temperature ; and this may be effected by re« 
peatedly passing the electrical spark through a mix- 
ture of the two gasses. 

EMILY. 

The nitrogen and oxygen gasses, that compose 
the atmosphere, do not combine, I suppose, because 
^eir temperature is not sufficiently elevated ? 

CAROLINE. 

But in a thunder storm, when the lightning re- 
peatedly passes through them,' may it not produce 
nitric acid ? We should be in a strange situation 
if a violent storm should at once convert tlie atmo- 
sphere into nitric acid. 

D2 
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MRS. b; 
There is no clanger of it, ray dear ; the lightning 
tKTi afiect but a very small portion of the atmo- 
s^ere, and though it is supposed that it does occa'- 
sionally produce a little nitric acid, yet this never 
happens to such an extent as to be perceivable. 

EMILY. 

But how could the nitric acid be knov^n, and 
used, before the method of combining its consti- 
tuents was discovered ? 

MRS. B. 

Before that period the nitric acid was obtained 
(and it is indeed still extracted, for the common 
purposes of art) from the compound salt which it 
fprms with the potash, commonly called nitre. 

CAROLINE. 

Why is it called so ? Pray, Mrs. B., let these old 
unmeaning names be entirely given up, by us at 
least ; and let us call this salt nitfat of potash, 

MRS. B. 

^With all my heart; but it is necessary that I 
should, at least, mention the old names, and more 
especially those that are yet in common use ; other- 
wise, when you meet with them, you would not be 
able to understand their meaning. 
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EMILY. - 

And how is th« acid obtained from this sak ? 

MRS. B. 

By the intervention of sulphuric acid, which 
combines with the potash, and sets the nitric acid 
at liberty. This I can easily show you, by mixing 
some nitrat of potash and sulphuric acid in this re- 
tort, and heating it over a lamp; the nitric acid 
will come over in the form of vapour, which wc 
shall collect in a glass bell. This acid diluted in 
water is commonly called ofua fartis^ if Caroline 
will itllow me to mention that name. 

CAROLIN£« 

I have often heard that aqua fortis will dissolve 
almost all metals ; it is no doubt because it yields 
its oxygen so easily* 

MRS. B. 

Yes ; and from this powerful solvent property^ it 
derived the name of aqua fortis, or strong water. 
Do you not recollect that we oxydated, and after- 
wards dissolved, some copper in this acid. 

EMILY. 

If I recollect right, the nitrat of cof^r was the 
£iit instance you gave us of a compound salt. 

D 3 
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CAROLINE. 

Can the nitric acid be completely decomposed 
and converted into nitrogen and oxygen ? 

EMILY. 

That cannot be the case, Caroline ; since the 
acid can be decomposed only by the combination of 
its constitiiaits with other bodies. 

MRS. B.^ 

True ; but caloric is sufficient for this purpose. 
By making the acid pass through a red hot porce- 
lain tube, it is decomposed ; the nitrogen and oxy- 
gen regain the caloric which they had lost in com- 
bining, and are thus both restO]|:ed to their gaseoDS 
•»tate. 

The nitric acid' may also be partly decomposed, 
and is by this means converted into nitrous 

ACID. 

CAROLINE. 

This conversion must be easily effected, as the 
oxygen is so slightly combined .with the nitrogen. 

MRS. B. 

The partial decomposition of nitric acid is rea- 
dily effected by most metals ; but it is sufficient to 
expose the nitric acid to a ver]^sti'ong light to make 
it givQ out oxygen gas, and be thus coavertcd into 
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nitrous acid. Of this acid there are various de- 
grees, according to tlie proportions of oxygen which 
it contains ; the stronges and that into which the 
nitric acid is first converted, is of an orange red 
colour, as you see it in this bottle« 

/ CAROLINE. 

How it fumes when the stopper is taken out ! 

MRS. B. 

The acid exists naturally in a gaseous state, and 
is here so strongly concentrated in water that it is 
constantly escaping. 

Mr. Lybe, a late French writer on natural phi- 
losophy, has supposed that the aurora borealis may 
be occasioned by the red fiimes of nitrous acid, 
formed by the combination of the oxygen and ni- 
trogen gasses of the atmosphere, when their tem^ 

perature is raised by lightning. 

« 

CAROLINE. 

That appears to me a very natural conjecture ; 
for the streaks of the aurora borealis have very 
much the colour and appearance of the fumes of 
sMtrous acid. 

EMILY. 

Bat if this was the case, why should these fume^ 
kc confined to the vicinity of the poles ? 

D 4 
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MRS. B. 

Lybe accounts for that circumstance by suppos* 
ing, that in warm climates, at a distance from the 
poles, a considerable quantity of hydrogen gas is ex* 
haled by the decomposition of animal and vegetable 
matter, a decomposition which cannot take place at 
the very low tempeVature of the polar regions ; and 
that this hydrogen gas, floating in tlie upper regions 
of the atmosphere, is, by the occasional effect of 
the electric fluid, made to unite with the oxygen, 
which is thus prevented jfrom combining widi the ni- 
trogen, for which it has less affinity* In warm cU* 
mates, therefore, the effect of lightaing is to produce 
rain instead of aurora borealis. 

EM2LY. 

I like this theory very mwh, as it accoonlbB like- 
wise for the grea^r (Quantity of rain tkftt fiiils ki 
warm climates. 

JnCRS* B« 

It is extremely ingenious, but we are at present 
too Uctle acquainted with die nature of meteorolo* 
gical phenomena to be able to place much rdiaocr 
on it. 

Here is another bottle of nitrous acid, which* 
you see, is of a greenish blue colour ; this acid is 
weaker, the nitrogen being combined with a smaller 
quantity of oxygen j and with a still l«s proportiim 
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of oxygen it h of an orange colour, as it appears in 
this third bottle. 

Nitrous acid acts still more powerfully on some 
inflammable substances than the nitric. 

EMILY. 

I am surprised at that, as it contains less oxygeur 

AIRS. B« 

But, on the other hand, it parts widi its oxygen 
much fhoi-e readily: you may recollect that we 
once inflamed oil with this acid. 

The next combinations of nitrogen and^ oxygen 
form only oxyds of nitrogen, die first of which is 
commonly called nitreus air; or more property 
nitrous oxyd gas. This may be obtained from 
nitric acid, by exposing the latter to the action of 
metals, as in dissolving them it does not yield the 
whole of its oxygen, but retains a portion of this 
principle sufficient to convert it into this pecu- 
liar gas, a specimen of which I have prepared, and 
preserved within this inverted glass bell. 

EMILY. 

It is a perfectly invisible elastic fluid 

MRS. B. 

Yes ; and it may be kept any length of time in 
this manner over water, as it is not, like the nitric 

D 5 
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and nitrous acids, absorbable by it. It is rather 
heavier than atmospherical aio and is incapable of 
supporting either combustion or respiration. lam 
going to incline the glass gently on one side, so as 
to let some of the gas escape— 

EMILY. 

m 

How very curious !— It produces orange fames 
like the nitrous acid.! that is the more extraordi- 
nary^ as the gas within- the glass is perfectly in- 
visible* 

MRS. B. 

It would give me much pleasure if you could 
make out the reason of this curious change without 
requiring any further explanation. 

CAROLINE. 

It seems, by the colour and smell, as if it were CO0- 
verted into nitrous acid gas : yet that cannot be, tis^ 
less it combines with more oxygen ; and how can 
it obtain oxygen the very instant it escapes from the 
glass ? 

EMILY* 

From the atmosphere, no doubt. Is it not so, 
Mrs. B.? 

MRS. B. 

You have guessed.it; as soon as it comes in 
contact with the atmosphere it absorbs from it the 
additional quantity of oxygen necessary to convert 
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It into nitrous acid gas.-^And, if I now remove thfc 
bottle entirely from the water, so as to bring at once 
the whole of the gas into contact with the atmo- 
sphere, this conversion will appear still more strik- 
ing— 

EMILY. 

Look, Caroline, the whole capacity of the bottle 
is instantly tinged of an orange colour ! 

MRS. B« 

Thus you see it is the most easy process imagin- 
able to convert nitrous oxyd gas into nitrous acid 
gas. The property of attracting oxygen from the 
atmosphere, without any elevation of temperature, 
has occasioned this gaseous oxyd being used as a 
test for ascertaining the degree of purity of the 
atmosphere* I am going to show you how it is 
applied to this purpose— You see this graduated glass 
tube^ which is closed at one end : (Plate VIIL 
Fig. 19.)— I first fill it with water, and then intro- 
duce a certain measure of nitrous gas, which, not 
being absorbable by water, passes through it, and 
occupies the upper part of the tube. I must now 
add rather above two thirds of oxygen gas, which 
will just be sufficient to convert the nitrous oxyd gas 
into nitrous acid gas. 

4 • 

CAROLINE. ! 

So it has !«-I saw it turn of an orange colour \ 

D 6 
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^ut k immediately afterwards disappeared Mitifdyt 
and the water, you see, hasrisen, and almost fiUed 
the tube. 

MRS. B. 

That is because the acid gas is absorbable by 
water, and in proportion as the gas impregnates die 
water, the latter rises in the tube. Wliea the oxy- 
gen gas is very pure^ and the required proportion of 
. nitrous oxyd gas very exact, the whole is absorbed 
by the water ; but if any other gas lie mixed with 
the oxygen^ instead of combining with the nitrous 
oxyd, it will remain and occupy the upper part of 
the tube ; or, if the gasses be not in the due propor- 
tion, there will be a residue of that which predo- 
minates. — Before we leave this subject, I must not 
forget to remark that nitrous acid may be formed 
by dissolving nitrous oxyd gas in nitric acid* 
This solution may be efiected simply by makii^ 
bubbles of nitrous oxyd gas pass through nitric 
acid. 

EMILY, * 

That is to say, that nitrogen, at its highest de- 
gree of oxygenation, being mixed with nkrogen at 
its lowest degree of oxygenation, will produce a 
kind of intermediate substance, which is nitroos 

acid. 

MBS.B. 

You have stated the fact widi great precision,— 
There are various other methods ol preparing ai- 
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troQS oxjdf and of obuitiiiig it from compound 
bodies ; hue it is not aeceasaiy to enter into these 
particulars. It remains for me only to mention 
another carious modification of oxygenated nitro- 
900, whicb has been distinguidied by die name of 
gMHms iixyd ^ nitrogen. It is but lately that dii^ 
g»l has been accurately examined, and its proper- 
ties have been investigated chiefly by Mr. Dayy. 
It has obtained ako the name of exhUaratmg gas,' 
from the Tery siogidar property, which diat gentle- 
man has discorered in it, of elevating the animal 
spirits, when inhaled into the lungs, to a degree some- 
tiiaes resembling delirium or intoxication. 

CAROLINE. ' 

It is re^iraUe, then i 

MRS. B. 

It can scarcely be called respirable, as it would 
not support life for any length of time ; but it may 
be breathed' for a few moments without any other 
eflSfCts, ^n the singular exhilaration of spirits I 
have ju$t mentioned. It afiects difierent people, 
however, in a very different manner. Some be* 
come violent, even outrageous : others experience a 
languor, attended with faintness ; but most agree in 
opinion^ that the sensations it excites are extremely 
pleasant. 
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CAROLINE. 

I think I should like to try it— how do yoa 
breathe it ? 

MRS. B. 

By collecting the gas in a bladder, to which a short 
tube with a stop-cock is adapted ; this is applied to 
the mouth with one hand, whilst the nostrils are. 
kept closed with the other, that the common air 
may have no access. You then alternately inspire, 
and expire the gas, till you perceive its efiects. 
But I cannot consent to your making the experi- 
ment ; for the nerves are sometimes unpleasantly 
afiected by it, and I would not run any risk of that 
kind. 

EMILY. 

I should like, at least, to see somebody breathe 
it ; but pray by what means is this curious gas ob- 
tained? 

MRS. B* 

It is proicuFed from nitrat of avvmonia^ an arti- 
ficial salt which yields this gas on the application of 
a gende heat.*^I have put some of the salt into a 
retort, and by the aid of a lamp the gas will be 
• extricated-— 

CAROLINE. 

Bubbles of air begin to escape through the neck 
of the retort into the water apparatus \ will you not 
collect them ? 
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MRS. B. . 

The gas that first. comes over is never preserved^ 
as it consists of little more than the . common air 
vrhich was in the retort ; besides, there is always in 
this experiment a quantity of watery vapour which 
must come aw^ay before the nitrous oxyd appears. 

£MILY. 

Watery vapour! Whence does that proceed? 
there is no water in nitrat of ammonia ? 

MRS. B. 

You must recollect that there is in every salt a 
quantity of water of crystallization, which may be 
evaporated by heat alone. But^ besides this, water 
is actually generated in this experiment^ as yon will 
see presently. But first tell me, what are the con* 
stituent parts of nitrat of ammonia ? 

EMILY* 

Ammonia, and nitric acid: this salt, therefore, 
contains three different elements, nitrogen and hy« 
drogen, which produces the ammonia ; and oxygen, 
which, with nitrogen, forms the acid. 

MRS. B» 

Well, then, in this process the ammonia is de- 
<:omposed ; the hydrogen quits the nitrogen to com- 
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bine with some of the oxjrgen of the nitric acld» 
and fonmiB with k die watery vapour which is now 
coming oyer. When diat k effected, what witt 
you ejq>ect to findJ 

EMILY. 

MkrpttS acid instead of nitric acid, and nitrogen 
instead of ammonia. 

MRS* A. 

Exactly so; and the nitrous acid and nitro- 
gen combine, and form the gaseous oxyd of nitro* 
gen, in which the proportion of t)xygen is 37 parts 
to 63 of nitrogen. 

Yon may have observed, that for a little while 
BO b«bt4es of air have come over, and we hare 
perceived only a stream of vapour condensing as it 
issued into the water.— -Now bubbles of air again 
make their appearance, and I imagine that by this 
time all the watery vapour is come away, and that 
we may begin to collect the gas. We may try 
whether it is pure, by fifling a^phial with it, and 
phinging a taper into it— -yes, it will do now, for 
die taper bums brighter than in the common atr» 
and with a greenidi flame. 

CAROLIN£. 

But how is that ? I thought no gas would sup* 
pert combustion but oxygen* 
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MRS. B. 

Or any gaK that contains oxygen, and is ready to 
yield it, which is the case with this in a consider** 
able degree ; it is not, therefore, surprising that H 
should accelerate the coinbustion of the taper. 

^ou see that the gas is now produced in great 
abundance ; we shall collect a large quantity of it, 
and J dare ^y that we shall £nd some of the £Eimily 
who will be curious to make the experiment of re- 
spiring it. Whilst this process is going on, we 
may- take a general survey of the most important 
combinatiQns of the nitric and nitrous acids witk 
the alkalies. 

The first of these is niirai of potash, commonly 
calkd mire or salipetre* 

CAftOLIMX. 

Is not diat the salt with M^iich gunpowdet m 
made? 

MRS. B. 

Yes. Gunpowder is a mixture of five parts ot 
jWtre to one of sulphur, and one of charcoal.— -Nitre 
Aom its great proportion of oxygen, and from the 
fecility with which it yields it, is the basis of raosi 
detonating compositions. 

EMILY. 

But what is the cause of the violent detonation of 
gunpowder when set fire to ? 
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MRS. B. 

' Detonation may proceed from two canses; the 
Audden formation or destruction of an elastic 
fluid. In the first case, when either a solid or 
liquid is instantaneously converted into an clastic 
fluid, the prodigiqus and sudden expansion of the 
body strikes the air with great violence, and this 
concussion produces the sound called detonation. 

CAROLINE. 

That I comprehend very well ; but how can a 
limilar effect be . produced by the destruction of a 
gas? 

ihCRS* B« 

A gas can be destroyed only by condensing it to 
H liquid or solid state ; when this takes place sud^ 
denly, the gas, in assuming a new and more com- 
pact form, produces a vacuum into: which the sur- 
rounding air rushes with great impetuosity ; and it it 
by that rapid and yiolent motion that the sound is 
produced. In all detonations, therefore, gasses are 
either siiddenly formed, or destroyed. In that of 
Ijunpowder, can you tell me which, of these tw6 
circumstances take placQ ? 

EMILY. 

As gunpowder is a solid, it must, of course, pro* 
'duce th« ga&es 11^ its detonation ; but bow, I cannot 
tell. 
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MKS* B. 

The constituents of gunpowder, when heated to 
a certain degree, enter into a number of new com- 
binations, and are instantaneously converted into a 
variety of gasses, the sudden expansion of which 
gives rise to the detonation. 

CAROLINE. 

And in what instance does the destruction or 
condensation of gasses produce detonation ? 

MRS. B. 

I can give you one with which you are well ac- 
.quamted; the sudden combination of the oxygen 
4ind hydrogen gasses. 

CARQLINE. 

True; I recollect perfectly that hydrogen deto- 
nates-^with. oxygen when the twoi gasses are con- 
.verted into water. . 

MRS. B. 

But let us return to .the nitrat of potash. -—This 
fait is decomposed when exposed to heat, and mixed 
with any combustible body,w«ach as carbone, sul- 
phur, or metals, these substances oxydating rapidly 
at the expence of the nitrat. I must show you' an 
instance of this.—*! expose tb the fire iome of the 
f a^t in a small iron ladle^ aodt when it is sufficiently 
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heated, add to it some powdered charcoal ; tblh 
will attract the oxygen from the salt, and be col^* 
verted into carbonic acid-— . 

EMILY. 

But what occasions .that~ crackling nokCf and 
those vivid flashes that accompany it? 

MRS. B. 

The rapidity with ^hicli dit carboBic acid gtf 
is formed) occasions a succession of small d^tona^ 
tionsi which, together widi the emission of flame, is 

Nitrat of arnmoma we have abeady noticed, <m, 
account of the gaseous oxyd of intr^en wihich ii 
obtained from it. 

Nitrat of silver is tlie luitar caustic, so remark- 
able feif its property of destroying 'animal fibre, for 
whkh purpoae it is often oscd by no^ eoQs^*-««Wa 
have said so much on a former > oocasioA, on tbe 
mode in which caustics act on animal matter, thai 
I shall not iktain you any longer on this subject. 



We «ow eome to the carbot^xc aciz>» 
'which 9re have already had many opporHiniries of 
ncmcing. Yott recollect that this acid may b0 



J 



69 ^ 

ifbrmed by the combustion of carbone^ whether m 
lis imperfect state of charcoal, or in its purest form 
of diamond And it is not necessary, for this pur* 
po^9 to burn the carbone in pure oxygen gas, a9 
we did in a preceding lecture ; for you need only 
I^iit a piece of charcoal and suspend it under a re« 
ceiver on the water Iwith. The charcoal will soon 
be extinguished^ and die air in the receiver will be 
found mixed with carbonic . acid. The process, 
however^ is much more expeditious if the combu&- 
tion be performed in pure, oxygen gas. 

CAROLINIK. 

- But how can you separate the carbonic acid, 6b* 
tained in this manner, from the air with which it iji 
mixed. 

MRS. B. 

The readiest mode is to introduce under th^ re- 
ceiver, a quantity of caustic lime, or caustic alkali, 
i^ich soon attracts the whole of the carbonic acid 
to form a carbonat.— The alkali is found increased 
in weight, and the volume of the air is diminished 
by a quantity equal to that of the carbonic acid 
which was mixed with it. 

EMILY, 

Pray is there no method of obtaining pure car- 
btae from carbonic acid ? 
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MRS. B. 

For a long time it was supposed that carbonic 
acid was not decomposable ; but Mr. Tennant dis- 
covered, a few years ago, that this acid may be de- 
composed by burning phosphorus in a closed vessel 
with carbonat of soda or carbonat of lime : tfie 
phosphorus absorbs the oxygen from the carbonat, 
whilst the carbone is separated, in the form of a 
black powder. 

CAKOLINE. 

Cannot wc niake that experiment I 

MRS* B^ 

Not easily ; it requires being performed with ex- 
treme nicety, in, order to obtain any sensible quan- 
tity of carbone, and the experiment is much too 
delicate for me to attempt it. But there can be no 
doubt of the accuracy of Mr. Tennant's results ; 
and all chemists now agree that 100 parts of car- 
bonic acid gas consist of about 28 parts of carbone 
to 72 of oxygen gas. 

Carbonic acid gas is found very abundantly m 
nature ; it is supposed to form about a hundredth 
part of the atmosphere, and i$ constantly produced 
by the respiration of animals ; it exists in a great 
variety of combinations, and is exhaled from many- 
natural decompositions. It is contained in a state of 
great purity in certain caves, such as the Groti0 
del Cane^ near Naples, 
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EMILY, 

I recollect having read an account of that grotto^ 
and of the cruel experiments made on the poor 
dogs, to gratify the curiosity of strangers. But I 
understood that the vapour exhaled by this cave 
was called ^^ed air. 

• « 

MRS. B.^ 

That is the najne by which carbonic acid was 
known before its chemical composition was disco- 
vered,— -This gas is more destiuctive of life than any 
other ; and if the poor animals that are submitted 
to its effectSy are not plunged into cold water as 
soon as they become senseless, they do not re* 
cover. It extinguishes, flame instantaneously. I 
have collected some in this glass, which I will 
pour over the candle. 

CAROLINE. 

This is extremely singular— it seems to extinguish 
it as it were by enchantment, as the gas is invisible. 
I never should have imagined that a gas could have 
been poured like a liquid. 

, MRS. B« 

It can be done with carbonic acid only, as no 
other gas is su£ficiendy heavy to be susceptible of 
being poured out in the atmospherical air without 
mi^ng with it. 



12 

EMILV. 

f fmy by what means dad you obtain this gas i 

I 

MRS. B* 

t procured it from marble. Carbonic acid gaa 
has so strong an attraction for all the alkalies and 
alkaline earths, that these are always found in na« 
ture in the state of carbonats. Combined with limCf 
this acid forms chalk, which may be considered as 
the basis of all kinds of marbles, and calcareout 
stones. From these substances carbonic acid is 
easily separated, as it adheres so sli^tiy to it» 
combinations, that the carbonats are aU'deoompos* 
able by any of the other acids. I can easily show 
you how I obtained this gas ; I poured some diluted 
sulphuric acid over pulverized marble in diis bottte 
(the same which we used the other day to make 
hydrogen gas), and the gas escaped through the 
tube connected with It; the operation still continues^ 
as you may easily perceive-— 

BMILY. 

Yes, it does ; there is a great fermentation in the^ 
glass vessel. What singular commotion is excited 
by the sulphuric acid taking possession of the lime» 
4ind driving out the carbonic acid ! 

CAROLINE. . 

But did the carbonic acid exist in a gaseous state 
ta the m 
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Of course not ; the ^cid^ when in a state of CQn^ 
bination, is capable of existing in a solid form« 

• • ■ ■ 

Wh^^, th^q, dpc§.jt Q^>tsji?^,tlie qdbfic ne^ 

ocssary to qo^prert it jf^tp a ga^ ? . 
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^ If imy be jf uppUed iq t^s case from the n;uxtur6 
^f sulphuji^ racid mi W^ter, which produces, afl 
evolution of heat, even greater than i^ required for 
the purpose ; since, as. you o^ay perceive by touch- 
ing the glass vessel, a considerabl(B qqantity of the 
caloric disengaged becomes sensible. But a supply 
of caloric may be obtained also from a diminution of 
capacity for heat, occasioned by the new combina- 
lioo which takes place ; and, indeed, this must be 
tfa^ case uriien other acids are employed for the dis- 
cogagBncnt of cavbanie acid gasy w^ich do not, 
Uke the sttlp^nc, prodoco beat on being mixed 
wi^h water. Carbonic acid may likewise be dis- 
engaged &on itscombinatipns by heat alon^, which 
jBoitoes it taits gaseoijis state^ 

CAROLINE. 

It appears to me very extraordinary that the same 
g^, whiph, ^ Brod^ce4>y the bim:Aix)g p/ VQod and 
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coals, should exist also in stones, marble, and chalk, 
which are incoftibustible substances. 

MRS. B. 

I will not answer that objection, Caroline, be- 
cause I think I can put you in a way of doing it 
yourself. Is carbonic acid combustiUe ? 

CAROLINE. 

Why, no-*because it is a body that has been 
already burnt, it is carbone only, and not the acid, 
that is combustible. 

AAnS. B* 

Well, and what inference do you draw from 

this ? 

CAROLINE. 

That carbonic acid cannot render the bodies in 
which it is contained combustible; but that simple 
carbone does, and that it is in this dementary state 
that it exists in wood, coals, and a great variety of 
other combustible bodies.— Indeed, Mrs. &, yo«i 
are very ungenerous; you are not satisfied with 
convincing me that my objections are frivolous, 
but you oblige me to prove them so mysdf. 

AiRS. B« 

Yoo must confess^ however) diat Tmake ample 
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amends for the detection of error, when I enable 
you to discover tfie truth. ' You understand, now, 
I hope, that carbonic acid is equally produced by 
the decomposition of chalk, or by the combustion 
of charcoal. These processes are certainly of a 
very different nature ;. In the first case the acid is 
already foimed, and requires nothing more than 
heat to restore it to its'gaseous state ; whilst, in the 
latter, the acid is actually formed by the process ot 
combustion. * . 

CAROLINE. 

I understand it now perfectly. But I have just 
been thinking of another difficulty, which, I hope, 
you will excise my not being able to remove my- 
self. How does the immense quantity of calcareous 
earth, which is spread all over the globe, obtain the 
carbonic acid which is combined with it ? 

^RS. B. 

This question is^ indeed, npl very easy to an- 
swer; but I conceive that the general carbonization 
of calcareous matter may have been the effect of a 
general combustion, occasioned by some revolution 
of our globe, and producing an immense supply of 
caxbonic acid, with which, tbe calcareous matter be- 
<jame impregnated ; or. that this, may have been ef- 
fected by a gradual absorption of carbonic acid tiom 
the atmosphere.— But this subject v^ould lead us tg 

S2 
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jdiscussions which we capoot, ixidii|lge u^» wkhoot 
deviating too much fr^m o«r subjpct. 

EMILY. 

\ 

. How does it happen tlut we 4o not f^ce!ye A^ 
pernicious effects^of the cacbonip a^u4 that is 4oaXing 
in the atm^ospbere ? 

AaRS* S* ■ 

Because of the jstate of very gr^^t .dilution ii^ 
which it exists there. But can you teD me» Cmily* 

what are the sources >vhicb ^keep the atmosphere 

copstantjy^ supplied .with this acid ? . 

' ' EMILY. 

I suppoi^e the combustion . of woo.d, co^Is^ and 
other substance^, that contain carbone. 

BdllS* S* 

And also the breath of aoimals. 

CAROLIKE.*' 

The breath of animals ! I thought you said that 
this gas was not ^t all respirable, but, on ijhe con- 
trary, extremely poisonous. 
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MRS. B. ' i 

So it is ; hujt although animals cannot breathe ip 
carbonic acid gas> yet, iti the jnocess of respirado^ 
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tkeyhtft the power of fanning ifilsgw in their 
lungs ; 00 that the air whkfa W« expire^ or rqed 
from the lungs> always contains a certain propor* 
tion of carbonic acid, which is much greater than 
that wl}ich is commonly found in the atmosphere. 

CAROLINE* 

But what is it that renders carbonic acid such a 
deadly poieon? 

MRS* B« 

; Xbc. jMieiKWf in whieh ihk gas de^tyoyg lifig» seemi 
to be tnbrely by preventing ihe access of .respirahle 
air ; for carbonic acid gas, unless very much fluted 
with commoii air, does not penetrate inio die lungs, 
asftbu.v^in^pipe actually comractt. and refuses it 
adDiittanoew— But we must dismiss diis sid^ect at 
Vr^eatt as: we ibatt hsye an opportunity of treating 
fif reipmtioa much more fully, when we. come t» 
die chenucal functions of animals. 

EMILY. 

< Xs cvbwk .add as destructive to the life of Te- 
feti)Ues» ek it i^ t0 tkat of animals i 

r 

If « . ^RCigetable be completely i^imnersed in it^ I 
(telleve/itgenefaUy prqves&tal to. it; butinixed in 
aei^i« j^'Pl^tions with »tmosph^ical air,-:ti ts» ost 
the contrary, very favourable to vegetation. 

E3 
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Yon remeiabery I suppose, oor meAtioning; the 
mineral waters^ both natural and artificial, ^htch 
contain carbonic acid gas? 

CAROLINE. 

You mean the Seltzer water ? 

MRS. B.. 

*• .... 

That is one of those which are the fMf^ us^ i 
there are, however, a variety of others into which 
carbonic acid enters as aa ingredient : (e^diese water* 
are usually distinguished by the nameof o^ufti/ifiitf or 
gaseous mineral waters. 

The class of salts called carhcnats^ is -the most 
numerous in nature ; we must pass o^iir them ain* a 
very cursory manner, as the subject is<£l^ tod h«i^ 
tensive for us to enter on.> it in idbtai). ■> 'The ^tate of 
carbcHiat is .the natural state of avast inuiniber'bf 
minerals, and particularly of the alkailfes -and'atiiA** 
Jine earths, as they have so great an attraction for the 
carbonic acid, that they are almost always found com- 
bined with it ; and you may recoiicet that it is only 
by separating them from diis acid, that diey active 
that causticity and diose striking qualities which I 
have formerly described. All marbles, chalks, shellst 
calcareous sp^rs, and lime*stones of every dfts<^rip- 
don, are neutral salts, in which Kmef their 
common basis, has lost all its characQuiitie ptt>^ 
perties. • ...:...- 



19 

EMILY. 

But if all these various substances are formed by 
the union of lime with carbonic acid, whence arises 
their diversity of form and appearance ? 

SiRS* H* 

Both from the difibrent proportions of di'eir com- 
ponent parts, and from a variety of foreign ingre« 
dients which may be occasionally mixed with them: 
the veins and colours of marblesi for instance, pro- 
ceed from a mixture of metallic substances; silex 
and alumine also frequently enter into these combi- 
nations. The various carbonats therefore, that I 
have enumerated, cannot be considered as pure un- 
adulterated neutral salts^ although they certainly b«^ 
Idng to that class of bodies. 
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CONVERSATION XVI. 

©N THE MURIATIC AND OXYGENATED MO. 
RIATIC ACIDS; AND ON MURIATS. 



MRS. B. 

We come now to the undecompounded acidi« 
The MURIATIC, formerly called the marihb 
ACID, is the only one tbit requires our particdv 
attention. 

The basis of this acid» as I have told yoa before^ 
is unknown, all attempts to decompose it haying 
hitherto proved fruitless ; it is, therefore, by ana- 
logy only, that we suppose it to consist of a certain 
substance or radical, combined with oxygen. 

CAROLINE. 

It can, then, never be formed by the combina- 
tion of simple bodies, but must always be drawn 
from its compounds? 

EMILY. 

Unless the acid should be found in nature un« 
combined with other substances. 
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Jf Rl« «. 

I Ukne diat is liever tbe ^ase. Jts principal 
CDmbnatiom are with soda, limey and magnesia* 
Mwriai rf soda is the common sea salt, and from 
dfis enbstanoe the acid is usually disengaged by 
means' of die suip^Mirk: acid. Tbe natural state of 
t&e Mimtie i^eid, is that of an invisible pertiranent 
gas> at the common temperature of the atmosphere ; 
but it has an extremely strong attraction for water, 
and assumes the form of a whitish cloud whenever 
it meets any OMnisture to cofnlnfie with. This acid 
is sttfnrkaUe for its peculiar and Very pungent 
smeUy and possesses, in a poonerfiil decree, noost of 
the acid properties. Here is a bottle containing 
muriatic acid in a liquid' state<** 
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- And how is it liqoefi^ i 

fiyimpr^pMKling water with it; its strong attrac- 
tion, for 'water maJoes it very easy to obtain it in a 
liquid form. Now, if I open the phial, you may! 
observe a kind of vapour risfcg from it, which is 
tijuriatic iaeid gas^bFdtself.iiivisffale, but made ap- 
parent Woombiniiig with the moisture of die at« 
mosphere. ^ 

Have yw tiot any ioE the pure imif iatic acid ^as*? 

E 5 
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JIfESfrBv 

, This jar. is full of thtt aeid in Its gaseous' atito-* 
it is inverted over metcwy instead of w^er> because, 
being absorbable by water» this gas cannot be con* 
fined by it.— I shall aoyf tais? tbs jar a Iktie- on 
<Hie side, and si^ffer soliieof . tbi6 gas jto escape.*-* 
You see that it inuned&itely becomes rvisibic in 
the form of a cloud. 

EMILY. 

It must be^ no dotbt, from its ioniting widi die 
moisture of.thtf atmosphere, that it is cooveited 
into this dewy vapour. 

r 

MRS. B. 

Certainly; and for the same reason, that is to 
say, its extreme eagenlesb to unite with water, this 
gas will cause snow to itielt as rapi^y as an in- 
tense fire. 

Since this acid cannot be decomposed, I suppose 
that it is not susceptible of diffisrent degrees x>f oxy^ 
genation ? 

M&S. S. ■,,',- 

You are mistaken in your cbiklusion ; for though 
we cannot deoxygenate this 'acid, yet we niay add 
oxygen to it. 

Why dien islootthe feast degree of oxygenation 
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of the acid, called the nntriatcus^ and the higher 
d^ee the muriatic acid ? 

MRS* Bf 

fiecause, instead of becomingy like odier acids, 
more dense, and more, acid by an addition •f oxy* 
gen, it is rendered on the contrary more volatile, 
more pungent, but less acid, and less absorbable by 
water. These circumstances, therefore, seem to 
indicate the propriety of making an exception. to 
the nomenclature. The highest degree of oxygen- 
ation of this acid has been distinguished by the addi- 
tional epithet of oxygenated^ or, for the sake of 
brevity, oay, so that it is called the oxygenated^ or 
oxy^mwiiUic ,acid. This, likewise exists in a 
gaseous form, at the temperature of the atmo* 
spber^ ; it is ako susceptible of being absorbed by 
water, .and can be congealed, or solidified, by a 
cqrtain degree of cold. 

• 

EMILY. 

And how do you obtaia the oxy-muriatic acid ^ 

MRS*. B. 

By distilling liquid muriatic acid' OTer oxyd' of 
manganese, which supplies the acid with the addi- 
tional oxygen. One part of the acid being put into a 
retort, with two parts of the pxyd of manganese, and 
the heat of a lamp applied, the gas is soon disengaged, 

X6 
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tfid msLf be recelf td over water, as fc is but spai^ 

ingly absorbed by it— I have <x>QectiMi some in thk 

jar— 

cxaoLiKE. 

It is Mt invisiblet lfl:e the generality of gaases % 
fer k is of a yellowish coiovr. 

MAS. B^ 

The fiiuriadc add extttigoishes iam^ whikiy ^m 
die coMmy, the oxy-muriatic makes the fiatM 
hstgtr, and gives it a dark red oOld«r» Gftif you 
aoooufiit for this diffiataate in ffae two acids ? 

SMiLY. 

Yes, I thidk «o { ihe muriatic aeid 6atmer 4e dfr- 
coffij^sed) and tberef<e»« will not supply llie flame 
witfa the OK^u necessary for its suppoiti but 
wheft this acid is fWfther oxygenated it wiH part 
with its additional quantity o( <ixygen> add^ in fllia 
way support combustion. 

MRS. B. 

That is exactly the case; indeed the oxygen, 
added to the muriatic acid> adheres so slightly to it, 
diat it fe feparsied by mere dxposure to the vim's 
rays. This acid is ^^enposed (also by corabas^ 
ttUe bodies, itiakiy of which it botus, and'OicCasfHy 
inflamesi without any previous increave o£ teai^e^ 
rature. 
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CilROLIK£« 

That is extraordinary^ indeed! I hope you itteaa 
to indulge us vrith some of these experimetit*? 

MRS. B. 

I hate prepared teveral glass jars of oxy-mtiriati^ 
acid gas> for diat pui^ose. In the first we shall in-* 
troduce aome Dutch gold ieaf.<*^Do yon observe 
diat it takes fire ? 

EMILY. 

Yes» indeed it doe&-*how wonderful it is ! it be- 
came immediacdiy red hot, bat was 90oii smothered 
in a thick vapour. 

CAROLINE. 

Good heavens J what a disagreeable smell I 

MRS. B; 

We shah %ry die same ^x^erifhetit with phos- 

fhdi^ la another j&r o^ this acid.«-^You had bettef 

keep jromr handkerchief to youf note when I open 

i|i**«»Aow Ust tjs drop jnto k this lifde piece of pfaos<- 

photts^^^ 

caromn£« 

Jt biMB really; and alinost as bHHiantiy as hi 
M^fgen gas I Bot^ what ia DHoet extntoidaiaty, these 
ecanbtisttoiis tafce {dace, widbotit die metal or phos^ 
phorus being previously lighted^ 49r even .in S\^ 
least heated. 
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•' MRS.B. 

" All tK^se curious «flfects arc owing to the very 
great facility with which this acicl yields oxygen to 
such bodies as are strongly disposed to combine with 
it. It appears extraordinary indeed to see bodies, 
and Bdetals in particular, melted down and inflamed, 
by a gas withput any increase of temperature, either 
ofthegas, orof the coinbj68tibIe. The phenomenon, 
however, is, you see, well accounted for. 

EMILY. 

Why did you burn a piece of Dutch gold kaf 
rather than a piece of any other metal ? 

MRS.B. 

Because, in the first place, it is a composition of 
metals (consisting chiefly of copper) which bums 
readily ; and I use a thin metallic leaf in prefer* 
ence to a lump of metal, because it oflfers to the 
action of the gas but a small quantity of matter 
lender a large surface. Filings, or shavings, would 
answer the puipose nearly as well ; but a lump of 
metal, though the surface would oxydate with great 
rapidity, would pot take fire« Pure gold is not 
inflamed by oxy<-i|iuriatic acid gas, but it is rapidljr 
Oxydated, and dissolved by it ; indeedi this acid is 
&e only one th^ will dissolve gold. 
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This, I suppose, is 'what is commoiily calle4 
aqiut regiUf which , you know, is the only diing 
that will act upon gold.' 

MRS. B. 

That is not exacd^ die case either ; for aqua 
regia is composed'Df a mixture of moriatic acid and 
nitric acid.— -But, in fact, the result of this mixture 
is nothing' more than oxy-muriatic acid, as the 
muriatic lU^d osrygena^es itself at the «spence of 
the nitric; this mixture therefore,- tiboi^h .it bpnrf 
&e name of nUro-mn'Mtte acidy acts on gold 
merely in virtue of theioxy-oiuriatic acid wbidi it 
contains. . .. .r. . . > . , : .\ 

Sulphur, volatile oils, and many other substances, 
will hum in the same manneir in oxy-mnriatic acid 
gas; l||it'i'faavetnot prepared a sufficient quantity 
of it, to show you the combustioo of- aH tfaetit 
bodies. • 

^ CAHOLINE. 

\ 

Ye( there are several jars ^of ike gas remainisg* 

JmRS* B. 

We must reserve these for other experimeniti*. 
The oxy-muriatic acid . does not, like odier acidSf 
redden the blue vegetable cokmrs ; but it totally de* 
itroys any xoloiifi, and tuma aUi vegetable^ ^rfcctljFi 
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white. Let us collect toim vegetable substances to 
fMtinto this gb8» which. S« full of gfts» I 

« • * ' • • • 

EMILT. 

Here is a sprig of myrtle— 

• , CAROLIVS. 

; Jktik here some Coloured paper-*- 

MRS* B. 

. Wtt ihaSi fttto put fit tbb {aooe of c^i^Iioot.rtb-! 

boBt and a rose-*- 

EMJLLY. 



« » 
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^ Tluir ^xdrnn hegm to fads ImoMdiatdir i JBiH* 
how does the gas produce this effect ? 

. - • \ • 

liRS.^ 

Tile 'oty^ea. cDosbEnes with lihe isd6\m\Ti% mkt^ 
M itif idbese siibBttnces>^ and destroys it ; that is (w> 
say» destroys the property which these colours had 
of reflecting only one kind of lays, and renders 
them capable of refltfctmg thehi all, which, you 
know, 'wrti ntabe^ diem appear while. Old fMihts 
may be cleaned by this acid, for the paper will be 
whitened without injury to Ae impression, as printer's 
iidc'isiffi^-of MSieriats (oil andlaiaq) i>faBck) wliich 
aise nm ^pdcisd upon % acids. . i 

iThis property bf tia» )oxy<4niutiatic acid has facdeljr 
teen •eii||>t0y«d is • maimfrdtiirBs in a ivxiiety of i 
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bleacMti^ pttaeih^; hat for tiies6 jnitpd^^ tll^ gn^ 
AUtt be AssolVed ih Water, asf the acid is thvd 
rendered much milder and less pdWeffbl ih its t£^ 
Hocis ; fotj m a gaseons state, it wonid destroy the 
texture) as welt as the colour, of the substance stib- 
mitted to its atdito. 

CAROLINE. 

Look at the things which wc put into the gai y 
, they have now entirely lost their colour 1 

Mrs. b. 

Irhe effect 6f the atid is alhio^t e6itipletcd ; tn/^ 
if we were to ekamine the quantity Biit tetoiill*, 
we should find it to consist chiedy of muriatic add. 

The oxy-muriatic acid has been used to purify 
die air in fever hospitals and prisons, as it burnt 
a&d destroys putrid effluvia of every kind. The in* 
fecdon of the small-pox is likewise destroyed bf 
tbis gas, and matter that has been submitted to itM 

* * 

iofluenoe w^U no longer generate that disorder* 

. Indeed, T think the remedy must be nearly ail ikd 
is the disease; the oxy-muriatic acid has such w 
dreadfully suffocating smell. 

MRS. B. 

It k oertaioly extremely otfensivd ; but^ by tMp* 



90 

iag the mouth shut, and wetting the tKWtrfls wkb 
li<juid ammoniay in order to i^utralize the tapovr 
as it reaches the nose, its prejudicial effects may be 
in soa\e degree prevented. At any rate, howe«^» 
this mode of disinfection can hardly be used ia 
places that are inhabited. And as the vapour of 
nitric acid, which is scarcely less efiEcacious for 
this purpose, is not at all prejudicial^ It is usually 
preferred on such occasions*— 

Amongst the compound salts formed by oxy*ma- 
riatic acid, the muriat of soda^ or common salt, is 
d^e most interesting. The uses and [nropejties of this 
salt are too well known to require much comment* 
Besides the pleasant flavour it imparts to the food« 

it is vei*y >yho}esome, when not used to ^ccess« as ic 
greatly assists the process of digestion. 

, Sea- water is the great source from which muria| 
of soda Is extracted by evaporation. 9ut it h abo 
found in large solid masses in the bowels of thft 
earth,^ in England, and in many other parts of the 
world. 

EMILY. 

I tI]K>ught that salts» when solid, were always in 
the st^te of crystals ; but the common table-salt is 
in the form of a coarse white powder. 

MItS. B. 

, . Qiy^UlViutti9n idepends» as yon may lecoUect, oa 
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tlRYldw: 9bA regidar rtuiiidn of partii^lea diasc^od 
im a fliiid; coipmon scaTsak is oDly io a.sitate.o^ 
iaaperfeoc crystidlizatioily because the process by 
vrhicb it is prepared is not favourable to the fornia* 
tion of regular crystals. But, if you melt it, and 
afterwards evaporate the crater slowly, y»o will ob- 
tain a regivlar crysta^jKatioa. 
. Muriate/ ammonia is another combinatipn of 
thisacidi whict^ we have already mentioned as tba 
principal source from which ammonia is derived. 

I can at once show you the formation of this salt 
by the immediate combination of muriatic acid with 
idini^iiia^^-^Thes^ r tiTtro. glass Jafs contain^, the one 
itiuriftlic acid gas» die to<b^ ammonhical gas» both of 
which are periEectjiy invisible— -now, if I mix them 
together, you see they immediately ibroi ^p opakiei 
ivSiite^'clQU^-Ukc BffK>ke.<«-4f a' thermomciter was 
|Aicc4 ini.dip jar^k|^1Khi^'^hese gasses are mixedt 
jiwi' wo^ per^ewA tjiat; some ho^t is at jthe sami) 
timeprcfdacod. . 

T EMILY* 

The effects of chemical combinationaare» inde^d^ 
wonderful—how extraordinary it is that two invisi* 
Ue bodwa should become, visible by dioir union I 



MRS. B. 

This strikes you with vi^onder, because it is a 
pbenooaeikoii wiiich' nature: sddohiL exhibits, cib our 
liiew ; fautijifae vmo^t cmnman of her ot>QnrtioDsajre 
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i» i^Mcfeffiil^ flftd It is dkir fteqmncf dttlf tkat fm- 
f enf^ oiir f^tifAing thooi With equal admiratiQiiv 

eombufti^y "Wttt 'n not reodertd so funilttr bf 4^9^ 

£MILY« 

That IS true.— But pray, M(n. B., is (his tirhite 
elottd the salt that produces ammonia } Hdw Of- 
fered t it k fi'om the solid mtrlat ctf MUnonk wfaiok 
you <yne^ sbovtred «tf ! 
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It it th6 wne s«tota8c« vi^Udi &«iiippo«» hi4i« 
itktt of vapour^ but ttriU sOM be cofideiisdl^ by ^mI^ 
ing dgfttn&t the sides of ^e jar^ ift the ftim^f yof^ 
minute cry^talSK . * . . 

We may now proceed to tlift nfji-nimtriats. fa 
this class of sula the ojy^ffmriif ef fbtasih is ^ 
most woftby of our dinsntion, fcsfs-m striking prs* 
perties. The acid, in this state of combfaaMtti 
contains a still greater proportion of oxygen tbaa 
when alone. 

-CAROLINE* . -: 

But how caa ^e oxy^muriatie iU;id aei^i^ ao 

increase of oxygen by combining with potash } 

MRS,». 

Itcbosi not reellyacqiiiie an. additional famitf 
of oKygca^ but it loses some of Aedmriatic addi 



which prodaces the s^ipe j^&pt^ as the acid that re- 
Oftins If pcpp9rtioiiahl]r sup^r^^qrgpaa^d. 
' If this salt bp,mi;}(6d, 9^^d fs^^piV^toged^ 
•'With sulphur, pho29>hoi^ufy chffcoa)^ qr Ufd^ afj 
ojijier con9i)>iMtiblp, it^j^qpikdes ftroj^gly. 

CAROW#?E. 

Xilgs guppowx^r, { supppse, it il ^iicjbj^nly cpn- 
4imed 11}^) plaf^c /luids? 

MRS. B. 

• I I 

Yes I bi|t ^ith this remarkable di0erc;nc^^ th?tt op 
increase of temperature, any fqrthq* tfa^ji js pro* 
dpced by gentle friction, is required in this iQ3t^nce« 
Can you tell me what gasses are gen^9,tj9d by tjt^ 
4etQnatio;i of this ^It with charcoal i 

EMILY. 

Let me consider The oxy-muriatic acid 

parts with its excess of oxygen to the charcoal, by 
tt4)ich means it is converted into, muriatic acid gas; 
whilst the pbarccal, being burnt by the o?cygen, is 
changed to carbonic acid gas— -What becomes of 
the potash I cannot tell. 

MRS. B. 

* I ' 

That is 9 ^xied prctdi^ whjch remains ia t|ie yesr 
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CAROLINE. ' . J . 

But since tht" potash docs not enter itito the new 

• « ■ • • - « 

comUnatiohs, I do not understand of' What use it is 
in this operation. Would not the oxy«.muriatic acid 
and the charcoal produce the same effect without it? 

No; because there would hot' be 'tKati'v-efy great 
concentration of oxygen* which the combination 
with the potash produces, as I have just explained. 

I mean to show you this experiment, but I would 
advise you not to repeat it alone; for if care be not 
taken to mix only very small quaittities at a time, 
the detdnation will be extremely violent^ and may 
be attended with dangerous effects. You see I mix 
an exceedingly small quantity of the salt with a lit- 
tle powdered charcoal, in this Wedgwood mortar, 
and rub them together with the pestle— 

* » ■ « • 

9 

CAROdKC ' 

Heavens! How can such a loud explosion be 
produced by so small a quantity of matter ? 

MRS. B. 

You must consider that an extremely small quan- 
tity of solid substance may produce a very gre^tt 
volume ot* gasses ; and it is'th'e sudden evolution of 
these which occasions the sound. 
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' 'Would' iiof 6xy-riiuiiat of potasli make stronger 

gunpowder than nitrat of potash ? 

I ■ 

ViRS* B» 

Yes ; but the preparatfen, as well a* the use of 
this salt, is attended with so much danger, that it is 
never employed for that purpose. 

CAROl/INE. 

There is no cause to regret it, I think ; for the 
common gunpowder is quite sufficiently destructive. 

MRS. B. 

I can show you a very curious experiment with 
this sah ; but it nnist again be on condition that yon 
"will never attempt to repeat it by yourselves. I throw 
a small piece of phosphorus into this glass of water ; 
then a Iktle oxy-muriat of potash ; and, lastly, I 
pour in (by means of this funnel, so as to bring it in 
contact with the two other ingredients at the bottom 
of the glass) a small quantity of sulphuric acid—- 

CAROLINE. 

This is, indf^ed, a beautiful experiment! The 
phosphorus takes fire and burns from the bottom of 
die water. 
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JEiow wondeiful it js to see fia^e ^rttjng out 
under water, and fifing throiig^ it 1 ft^f% 1)QW ii 
this accounted for? 

Qjjwpf yp^ 'SqJ it opt, C^rpliftc ? 

EMILY. 

Stop— I think I can explain it. Is it not because 
the sulphuric acid decomposes the salt by combining 
\v^th the pQtasl^ so g^s tq liberate the o^y-mipiatic 
SLpi4 g^s \yj which the phosphorus ^ $^t on % e i 

Ycry well, Emily ; ajid vi^itlfci a Uttlc oip^e re^- 
tion you would h^ve ^^^overed s^notber f Qiy:urring 
circuuiptauce, which i^, tl^at aq i^ici;eas^ of t^npiper^* 
ture i? produced by the npi:jcturp of the sujphuric 
f cid apd ^ater, v^hich assists in piOfOptupig the 90m- 
^u^ion of the phosphoxuj. 

>Ve have now ex^miued such pj[ iji^ ^c;i^ ^ 
salts^^s I ponceiyed VQMld appear to yoy i^osy^ \if^if^ 
resting."*— 1 shall not enter into any particulars re- 
specting the metall^o ftf:\i^f a$ they ofier notfain|^ 
si^^icmtly striking for pw pre^jeust p^Jt^o^^. • • * 
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CONVERSATION XVII. 

ON THE NATURE AND COMPOSITION OF 

VEGETABLES. 



Al RS* fi • 

We have hitherto treated only of the simplest 
combinations of elements, such as oxyds, acids, 
compound salts, stones, 6cc, ; all of which belong to 
the mineral kingdom. It is time now to turn our 
attention to a more complicated class of compounds, 
diat of ORGANIZED BODIES, which wiU furnish us 
with a new source of instruction and amusement. 

EMILY. 

By organised bodies, I suppose, you mean the ve- 
getable and animal creation ? 1 have, however, but 
a very vague idea of the word organization^ and I 
have often wished to know niore precisely what it 
means. 

MRS. B. 

Organized bodies are such as are endowed by 
nature with various parts, peculiarly constrlicted 
and adapted to perform certain functions connected 

VOL. JI. F 
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with life. Thus you may observe, that mineral 
compounds are formed by the simple efiect of me* 
chanlcal or chemical attraction, and may appear ta 
some to be, in- a great measure, the productions of 
chance ; whilst organized bodies bear the most 
striking and impres&ive marks of design, and aner 
eminently distinguished by that unknown principle^ 
called Itfe^ from which the various organs derive the 
power of exercising their respective functions. 

CAROLrlNE. 

But in what manner does life enable these organs, 
to perform their several functions ? 

MRS. B. 

That is a mystery which, I fear, is enveloped lU- 
too profound darkness for us to hope that we shall 
ever be able to unfold it. We must content our-^ 
selves with examining the effects of this principle ; 
as for the cause, we have been able only to give it 
a name, without attaching any, other meaning ta it 
than the vague and unsatisfactory idea of an. iia- 
known agent. 

CAROLINE. 

And yet I think I can form a very cleaf idea of 
life. 

MRS. B. 

Prav let mc hear how you would define U^ 
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It 18 perhaps oiore easy to conceive than to 
ebrpKss««>»let me consider^^-ls not life the power 
which en&bles^ both die animal and the vegetable 
creation to perfoim the various functions which 
natai?e has assigned to them i 

H^s. B. 

I have nothing to object to yonr definition ; but 
you will allow me to observe, that you have only 
mentioned the effects which the unknown cause 
produces, without giving^ u^ any notion of the cause 
itself. 

EMILY. 

Yes, Caroline, yo« have told us what life does^ 
but you^have not told us what it zV* 

MRS. B. 

We may study its operations*, but we ^ould puz* 
zle ourselves to no purpose by attempting to form 
an idea of its real nature. 

We shall begin with examining its effects in the 
vegetable world, which constitutes the simplest class, 
of organised bodies; these we shall find distin- 
guished from the mineral creation, not only by 
their more complicated nature, but by the power 
which' they possess- within themselves^ of forming 
new chemical arrangenoents of ^heir constituent 

w 2 
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partSy by means of appropriate organs. Thus, 
though all vegetables are ultimately composed of 
hydrogen, carbone, and oxygen, •(with a few other 
occasional ingredients), they separate and combine 
these principles by their various organs, in a thou- 
sand ways, and form, with them, different kinds of 
juices and solid parts, which exist ready made in ve- 
getables, and may, therefore, be considered as their 
immediate materials. 



These are ; 




Sap, 


Resins^ 


Mucilage^ 


Gum Resins, 


SugaVj 


Balsams, 


Fecvla, 


Caoutckout, 


Gluten, 


Extractive colouring Matter, 


Fixed Oil, 


Tannin, 


Volatile Oil, 


Woody Fibre, 


Camphor, 


Vegetable Adds, Kc. 



CAROLINE. 

What a long list of names \ I did not suppose 
that a vegetable was composed of half so many in* 
gredients. 

You must not imagine th)Eit every one of these 
materials is formed in each individual plant* I only 
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mean to say, that they are all derived exclusively 
from the vegetable kingdom. 

EMILY. 

But does each particular part of the plant, such 
as the root, the bark, the stem, the seeds, the leaves, 
consist of one of these ingredients only, or of several 
pf them combined together ? 

MRS. B. 

I believe there is no part of a plant which can 
be said to consist solely of any one particular ingre* 
dient ; a cenain number of vegetable materials must 
always be combined for the formation of any particu- 
lar part, (of a seed, for instance), and these combina- 
tions are carried on by sets of vessels, or minute or- 
gans, which select from other parts, ^nd bring to- 
gether, the several principles required for the deve- 
lopement and growth of those particular parts which 
they are intended to form and to maintain. 

EMILY. 

And are not these combinations always regulated 
by the laws of chemical attraction ? 

MRS. B. 

No doubt; the organs of plants cannot force 
principles to combine that have no attraction for 
each othei^ nor can they compel superior attrac- 

r 3 
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tions to yield to those of inferior :powcr; they pco* 
bafoly act rather mechamcaUy, by bringing into 
contact such principles, and in such proportionSt 
as wiir, by their cheimcal combination, form the 
various vegetable products. 

CAROLINE. 

We may then consider each of thfise oi*gans as 9 
curiously constructed apparatust adapted for the per* 
formance of a variety of chemical processes. 

Mrs. b. 

Exactly so. As long ^ the fdaot Uv^ 
thrives, the carbone» hydrogen» and oxygeti^ i 
chief constituents of its immediate OAlerials), ase-sa 
balanced and connected togethfif, that tliey afe iiofi 
susceptible of entering into other coaftbiiial;ioii6 ; but 
no sooner does death take place, ihan this state <if 
equilibrium is destroyed, and n^w combin^ions pro*. 
duced^ 

EMILY. 

But why should death -destroy it ; for these prin^ 

ciples must remain in .the same proportions, and 

consequently, I should sttppose^io the aamae order of 

attractions ? 

MRS. J3« 

r You miifit remendber, that in the yegetdble, .at 
>vell as m the animal kingdom, it is by the priociple 
of ^fe that the QX^sms are enabled to act; ipvhe«. 



deppii^ of tliat agent or stimulus, their fjower 
cea«es, and an order of attractions succeeds similar 
to that which would ta!ke place in animal or unor* 
gaifiized matter. 

SMILY. 

It is this new order of attracftions, 1 suppose, that 
destroys the organization of the plant after death ; 
for if the «ame combinations still continued to pre* 
vail, the plant would alwayii remam in dieutate io 
which it died? 

And that, you know, is 'never the cscse ; plants 
may be partially preserved for some time after death, 
by drykig; but in Ae -natural course of events they 
all return to the state of simple elements ; a ^i^e 
and admirable dispensation of Providence, by which 
dead plants are rendered fit to ern*ich the soil, and 
become subservient to the nourishment of living ve» 
getables. . ^ 

CAROLINE. 

But we are talking of the dissolution of plants, 
before we have examined them in their living state. 

MRS. B* 

That IS true, my dear. But I wished to give you 
a general idea of the nature of vegetation, before 
we entered into particulars. Besides, it is ndt so ir- 
relevant as you suppose to talk of vegetables in theiv 
dead state, 'since we cannot analyse diem v^ithout 
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differeat organs appropriated to that purpose, as it 
passes through them in circulating through the 
plant. 

MucuSf or mucilage^ is a vegetable substance, 
which, like all the others, is secreted from the sap ; 
when in excess, it exudes from trees in the form of 
gum. 

CAROLINE. 

Is that the gum so frequently used instead of paste 
or glue ? 

MRS. B. 

It is; almost all fruit-trees yield some sort of 
gum, but that most commonly used in the arts is 
obtained from a species of acacia-ti'ee in Arabia, 
and is called gum arable ; it forms the chief nourish* 
ment of the natives of those parts, who obtain it in 
great quantities from incisions which they make in 
the trees. 

CAROLINE. 

I did not know that gum was eatable. 

MRS. B. 

I should not imagine that it would be either 
a pleasant or a particularly eligible diet to those 
who have not, from their birth, been accustomed 
to it. It is, however, frequently taken medicinally, 
and considered as very nourishing. Several kinds 
of vegetable acid^ may be obtainec), by particalar. 

F5 



jN-^ocesseSf frQia gum orinucjlagCy die principal of 
which is iialled the mucous acid* 

Sugar is not found in its simple state In plants, 
but k always mixed with gUro, sap, or other ingre- 
dients; it is to be found in every veg«table^ but 
abounds most in mot^, fruits, and particularly ia ib€ 
sugar-cane. 

. EMILY. 

If all Tegetables contain sugar, ^^vliy is it jg^acted 
exclusively from the sugar-cane ? 




MRS* »p 

Because it is both most abundant in tiSafplant^ 
9od most easily obtained from it. 

During the late troubles in the West Indies, when 
Europe was but imperfectly supplied with sugar, se- 
veral attempts were made to extract it from other 
vegetables, and very good sugar was obtained from 
parsnips and from carrots ; but the process was too 
expensive to carry this enterprize to any extent. 

CAROLINE* 

I should Aink that sugar might be more easily 
obtained from sweet fruits, such as figs, dates, &c» 

Frobably j but it would be itill more wipciisive, 
ifWA the high priee of those i^uits^ 
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Pray, in what manner is sugar obtained firom thfc 
sugar-cane ? 

mRS* B* 

The juice of this plant is first expressed by passing 
it between two cylinders of iron. It is then boiled 
with lime-water, which makes a thick scum rise to 
the surface. The clarified liquor is let off belbw 
and evaporated to a very small quantity, after 
which it is suffered to crystallize by standing m 
a vessel, the bottom of which is perforated with 
holes, that are imperfectly stopped, in order that 
the syrup may drain off. The sugar obtained by 
this process is a coarse brown powder, commonly 
called raw or moist sugar; it undergoes another 
operation to be refined and converted into loaf 
sugar. For this purpose it is dissolved in water, 
and afterwards purified by an animal fluid called al- 
bumen. White of eggs chiefly consist of this fluid) 
which is also one of the constituent parts of blood ; 
and consequently eggs, or bullocks' blood, are com* 
monly used for this purpose. 

The albuminous fluid being diffused through the 
syrup, combines with all the solid impurities con- 
tained in it, and rises with them to the suiface, 
wliere it forms a thick scum ; the clear liquor is then 
again evaporated to a proper consistence, and poured 
into moulds, in which, by a confiised crystallization, 
it forms loaf sugar. But an additional process is re- 
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quired to whiten it ; to this effect the mould is In- 
vertedy and its open base is covered with clay, through 
which water is made to pass ; the water slowly 
trickling through the sugar> combines with and car- 
ries off the colouring matter. 

CAROLINE. 

I am very glad to hear that the blood that is used 
to purify sugar does not remain in it ; it would be a 
disgusting idea. 

EMILY. 

And pray how is sugar-candy and barley-sugar 
prepared ? 

MRS. B. 

Candied sugar is nothing more than the regular 
crystals, obtained by slow evaporation from a solu- 
tion of sugar. Barley sugar is sugar melted by heat, 
and afterwards cooled m moulds of a spiral form. 

Sugar may be decomposed by a red heat, and, 
like all other vegetable substances, resolved into 
carbonic acid and hydrogen. The formation and 
the decomposition of sugar afford many very in- 
teresting particulars, which we shall fully examine 
after having gone through the other materials of 
vegetables. We shall find that there is reason to 
suppose that sugar is not, like the other materials, 
secreted from the sap by appropriate organs ; but 
that it is formed by a peculiar process with which 
you are not yet acquainted. 
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CAROLINE. 

Pray is not honey of the same nature as sugar ? 

4 

MRS. B. 

Honey is a mixture of sugar and gum^ 

EMILY. 

I thought that honey was in some nieasure an 
animal substance, as it is prepared by the bees. 

MRS. B. 

It is rather collected by them from flowers, and 
conveyed to their storehouses, the hives. It is the 
wax only that undergoes a real alteration in the 
body of the bee, and is thence converted into an 
animal substance. 

EMILY. 

Cannot sugar be obtained from honey, since it is 
so simple a compound ? 

MRS. B. 

No mode has yet been discovered to effect this ; 
it is supposed, however, to have been done by the 
ancients, who were unacquainted with the sugar- 
cane, but the process is now unknown. 

Manna is a compound of sugar, gum, and a 
nauseous extractive matter, to which last it owes 
its peculiar taste and colour. It exudes like gum 
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from various trees in hot clinnrates, some of which 
have their leaves glazed bj it. 

The next of the vegetable materials is Jecula ; 
this is the general name given to the farinaceous 
substance contained in all seeds, and in some roots, 
as the potatoCy parsnip, &c. It is intended by na« 
ture for the first aliment of the young vegetable ; 
but that of one particular grain is become a fa- 
vourite and most common food of a large part of 
mankind. 

EMILY. 

You allude, I suppose, to bread, which is made 
of wheat-flour ? 

AiRS* B. 

Yes. The fecula of wheat contains also ano- 
ther vegetable substance which seems peculiar to 
that seed, or at least has not as yet been obtained 
from any other. This is gluienj which is of a 
sticky, ropy, elastic nature ; and it is supposed to be 
owing to the viscous qualities of this substance, 
that wheat flour forms a much better paste than 
any other. 

£MILY. 

Gluten, by your description, must be very like 
gum. 

MRS. B. 

In their sticky nature they certainly have some 
resemblance i but gluten is essentially (KflTerent from 
gum in other points, and especially ib its being in- 
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soluble in water^ whjkt ffitOf you know» Is ex- 

dimelj «ohikle» 

The oils contained in veg^etaUes all consist of 
hydrogcs and carbone in various proportions. They 
are of two kinds, fixed and volatile^ both of which 
we formerly mentioned. Do you remember in 
what the difiference between fixed «od vobtile oil 
consists ? 

EMIX.Y« 

If I recollect ri^U <be Ibrmer are decomposed by 
hcatf vrhalst the latter are merely voIaiiUsted by it . 

« JtfRS* B* 

Very well. Fixed oil Is contained only in the 
seeds of plants, excepting in the olive, in which it 
is produced io» and expresised from, the fruit. We 
have already observed that seeds contain also feculg; 
these two substances, united with a little mucilage, 
form the white substance contained in the seeds or 
kernels of plaiits, and i$ destined for the nourish- 
ment of the young plant, to which the seed givea 
birth* The milk of almonds, which is CKpressedi 
from the seed of that nam,e» is composed of dieso: 
three substances* 

RMILY. 

^ Pray of whet nature k the linseed oil which k 
used in painting ? 
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MRS.-B* '/ • 

It is a iixed oil, obtained from the seed of flax. 
Nut oil, which is frequently used for the same pur- 
pose, is expressed from walnuts. 

Olive oil is thkt which is best adapted to culinary 
purposes. 

CAROLINE. 

t 

And what are the oils used for burning ? 

MRS. B. 

Animal oils most commonly ; but the preference 
given to them is- owing to their being less expen« 
sive ; for vegetable oils burn equally well, and arc 
more pleasant, as their smell is not offensive. 

EMILY. 

Since oil is so good a combustible, what is the 
reason that lamps so frequently require trimming? 

MRS. B., 

This sometimes proceeds from the construction 
of the lamp, which n>ay not be sufficiently favour- 
able to a perfect combustion ; but there is certainly 
a defect in the nature of oil itself, which renders it 
necessary for the best constructed lamps to be occa- 
sionally^tiimmed. This defect arises from a por- 
tion of mucilage which it is extremely difficult to se- 
parate from the oil^ and which being a bad combus- 
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tiblcy gathers round. the wick, and thus impedes its 
coaibustion, and consequently dims the light. 

CAROLINE. 

But will not oils bum without a wick ? 

MRS. B. 

Not unloss their temperature be elevated to 400* ; 
the wick answers this purpose, as I think I once be- 
fore explained to you. The oil rises between the 
fibres of the cotton by capillary attraction^ and the 
heat of the burning wick volatilizes it, and brings 
it successively to the temperature at which it Uk 
combustible. 

EMILY. 

I suppose the explanation which you have given 
with regard to the necessity of trimming lamps, 
appHes also to candles which so often require 
snuflBng ? 

MRS. B. 

I believe it does ; at least, in some degree. But 
besides the circumstance just explained, the com- 
mon sorts of oils are not very highly combustible, 
so that the heat produced by a candle, which is a 
coarse kind of animal oil, being insufficient to vola- 
tilize them completely, a quantity of soot is gra- 
dually deposited on the wick, which dims the lighl^ 
and retards the combustion. 



CAHOLIWE. 

Wax Gsndlesy I stippo6e, contain no incombus- 
tible matter^ since they do not require snuffing ? 

Wax is a much better combustible than tallowi 
but stitl not perfectly so, since it likewise contains 
some particles that ai« unfit for burning; but 
"vdien 'these ga?flier Touftd the wick (which in a wax 
li^t is cornipar^ively small), they w«i^ it jdown 
tm one «Tde, and Ml off together with the hunt 
]part i>f {he wick. 

CAROLINE. 

As oils are such good combustibles, I wonder 
l9xat they should r^quific so great an tdevation of 
temiverature before they begin to bum ? 

MRS. B. 

Though fixed oils will not enter into actual com- 
bustion below fhe tempei'ature of about 400**, yet 
they win s3ow4y absorii oxygen ^t the K:&mmcm 
temperature cf ibe atmdsphere. Hence arises a 
Tarriety of changes ki oils whkh modify their pn>» 
perties and tiMs in the^aits. 

1£ rnl simply a1»MN%6, and combines with oxygen, 
ft chickens and -dhatigesto a kind of wax. TMs 
change is observed to tak^ fiace on the external 
jpart« of certain vegetables, even during their life. 
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But it happens m many instanccB that the oil ioen 
not retain all the oxygen which it attracfc»> but that 
part of it combines witb» or bums, the hydrogen of 
the oil, thus forming a <]itantity of water which 
gradually goes off by evaporation. In this case the 
alteration of the oil comiats not only in the addition 
of a certain quantity of ovygen^ but in the diminu- 
Uon of the hydrogen. These oils af e distingmsbed 
by the name of drying oik^ Linseed, poppy, and 
out>oils, are of this description* 

EMILV. 

i am «ae]I acquainted with drying mis, as Icon- 
ttnuadiy vae <tbem in -painting. But I do net under* 
stamd ?priiy ike ^icqiusftioa of oxygen on one hand, 
and a loos of hydrogen on the other, «bonU render 
them drying? 

MRS. B. 

Thisy I conceive, may arise from two lutions ; 
either from the oxygen which is added being less 
iavouraUe to the state of £uidity than the bydnogen, 
which is subtracted ; or from this additional qnivw 
tity of oxygen giving rise to new combinations, isa 
CQaaeqiicncc of which the most fluid parts of the 
oil ire tiheratfid and volatilized. 

For the purpose of painting, tlie drying quality of 
oil is further increased by adding a quantity of oxyd 
of load do tt, by which means it is mone lapidly 
oxygenated^ 
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The rancidity of oils it likewise owing to their 
oxygenation. In this case a new order of attrao 
tion take^ place, from which a peculiar acid ii 
formed, called the sebacic acid. 

CAROLINE. 

Since the nature and composition of oil is so well 
known, pray could not dl be actually made^ by 
combining its principles ? 

MRS. B. 

That is by no means a necessary consequence; 
for there are innumerable varieties of compound 
bodies which we can decompose, although we are 
unable to reunite their ingredients. This, however« 
is not the case with oil, as it has very lately been 
discovered, that it is possible to form oil, by a pecu- 
liar process, from the action of oxygenated muriatic 
acid gas on hydro-carbonate. 

We now pass to the volatile or essential oils. 
These form the basis of all the vegetable perfumes, 
and are contained, more or less, in every part of 
the plant excepting the seed ; they are, at least, 
never found in that part of the seed which contains 
the embrio plant. 

EMILY. 

The smell of flowers, then, proceeds from vola- 
tile oil I 
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MitS. B. 

Certainly ; bat this oil is often most abundant in 
the rind of fruits, as in oranges, lemons, &c. from 
which it may be extracted by the slightest pressure ; - 
it is found also in the leaves of plants, and even in 
the wood* 

CAROLINE. 

Is it not very plentiful in \the leaves of mint, anj 
of thyme, and all the sweet-smelling herbs? 

MRS. B. 

Yes, remarkably so ; and in geranium leaves also, 
which have a much more powerful odour than die 
flowers. 

The perfume of sandal fans is an instance of its 
existence in wood. In short, all vegetable odours, or 
perfumes, are produced by the evaporation of particles 
of these volatile oils. 

EMILY. - 

They are, I suppose, very light, and of very thin 
consistence, since they are so volatile i 

MRS. B. 

They vary very much in this respect, some of 
them being as thick as butter, whilst others are as 
fluid as water. In order to be prepared for per- 
fumes, or essences, these oils are first properly puri- 
fied, and ihen either distilled with alcohol, as is the 
case with lavender water, or simply mixed with a 
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large proportion of watery as is often done with re* 
gard to peppermints- Frequently also, these odori- 
ferous waters are: prepared merely by soaking the 
plants in water,, and diistiliing.. The water their 
aomes^over impregnated with the volatUe oih 



CAROTINS. 

Such waters are frequently used ta taktr spots- of 
grease out of clodi^ or silk ; how do they pioAice 
that e£Fect ? 

• By comUntng'with die substance that farms these 
stains ;. &r yolatile oilr dissolve wax, tallow, spct* 
maceti, and resins; if therefore the spot pioceeds- 
from any< of these substances it will remove* it» 

CAROLIllB. 

Fray does not the powerful smelL of: oasDphor 
proceed from a volatile* oil I 

AlRS* B* 

Camphor seems to be a substance of Its own 
kind, remarkable by many peculiarities. But if not 
exactly of the same nature as volatile 01I4 it is at 
least very analogpus- to it* It is obtained cJ^iefly 
from the camphor tree, ai species of. laurel whicfai 
grows in Cbina^ and in the Indian iaki^/Qom' iba, 
stem and roots of which it is extracted. Small 
quaolidsa have alsoheen. distilled from tbyiM^/and 
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9Age, and other aromatic plants ; and it is deposited 
in pretty large quantities by some volatile, oils after 
long standing* It is extremely volatile and inflam- 
mable. It is insoluble in v/ater, but is soluble in oils»« 
in which state, as well as in its solid form, it is fre- 
quently applied, to medicinal purposes. Amongst the 
particular properties of camphor, /there is one too 
singular to be passed over in silence. If you take a^ 
small piece of camphor, and place it on the surface, 
of a bason of pure water, it will immediately begin 
to move round and round widi great rapidity -, but 
if you pour into the basoa a single drop of any 
odoriferous fluid, it will instantly put a stop to this, 
motion. You can at any time try this very simple 
experiment ; but you must not expect that I shall 
be able to account for this phenomenon, as nothing 
satis^tory has yet been advanced for its explana- 
tion. 

CAROLINE. 

It is very singular indeed; and I will certainly 
try the experiment. Pray what arc resins^ which 
you just now mentioned ? 

MRS. B. 

They are volatile oils, that have been acted on, 
and peculiarly modified, by oxygen* 

CAROLINE. 

They are, thereferei oxygenated volatile oils ? 



oils pretcnt A cnud t g^ wkaA b tiat of Balmms. 
TheEc coamt of icanoot jinocs c omb i ue d with a 
peculiar acid, caUed die bcazok acid. Bahams 
appear tohaire been origiiiany^ vobdle cnb, the oxy- 
genation of which has converted one part into a 
resin, and the other part into an acid, which^ com* 
bined togedier, form a baham ; siidi are the balsams 
of Pern, Toln, Ice. 

We shall now take leave of the oik and their va- 
rious modifications, and proceed to the next vege- 
table substance, which is caoutchouc. This is a white 
milky glutinous fluid, which acquires consistence, 
and blackens in drying, in .which state it fontts the 
substance with which you are so weU acquainted, 
under the name of gum-elastic. 

CAROLINE. 

' I am surprised to hear that gum^lastic was ever 
white, or ever, fluid ! . And from what vegetable is 
it procured ? 

It is obtained from two or three diiBFerent species 
of trees, in the East Indies, and South America, by 
making incisions in the stem. The juice is col- 
lected «s it trickles from these incisions, and moulds 

' of clay,. in the form of little bottles of gum^dastic, 
are. dipped. into it. ^ A layer of this juice adheres to 

' the clay and dries.i( i^ aiid several layers, are succes- 
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sively added by repeating this till the bottle is of 
sufficient thickness. It is then beaten to break down 
tfie clay, which is easily shaken ont. The natives of 
the countries where this substance is produced, s6m6- 
times make shoes and boots of it by a similar process, . 
and they are said to be extremely pleasant and ser- 
yiceable, both from their elasticity, and their being 
water*pnx>£' 

The substance which comes next in our enume* 
ration of the immediate ingredients of vegetables* 
is extractive matter. This is a term, which, in a 
general sense, may be applied to any substance ex- 
tracted from vegetables ; but it is more particularly 
understood to relate to the extractive colouring mat" 
ter of plants. A great variety of colours are pre- 
pared from the vegetable kingdom, both for the pur- 
poses of painting and of dying ; all tlie colours 
called lakes are of this description.:' but. they are 
less ducaUe than minepil icolbufs, for, by iong ex- 
posure to Jbe atnkttphere, tbey eidbar'darken or torn 
yeUow. 

EMILY. 

I know that in fwuimg the lakefl ^r^ reckoned 
far less durable colours than the ochres ; butwhat is 
the reason of it ? 

Th^ change yrhich t^j^^f pla^fl iii vegetable co- 
tovri « oyf'ffig chjfefly ito ^ oxygen of daef atmor 
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vpbtre slowly buhiingtficirJiydrogeo, hnd^ksiTiHg^ 
^ some measure, the bkcknessi^ tHe ctitbone es- 
.posed. Sucli change cannot take place in ochn, 
"^ich isaltogether a mnural suhctaoce. 

VegetaMe coloure have a stronger mffinitjr'ibr 
annual tfaaa for r^etaUe sybstancea, «nd this is 
supposed tto be owing to a sinall> quantity of :nttsv- 
gen which they contain. Thus, silk and yvnantad 
will take a much finer vegetable dye than linen and 



CAROUKE* 

Dying, then, is quite a cheraicaLproeess ? 

' Ai aS» JS« 

UndocAMily. Thecoiiditioni3Si{uirtd*to:fiinn'a 
^ood dye iB,diat die colonring matter should bcprs 
^dpitated, or fixed, on the substance to be dyed, snd 
^riiDiild'iQTm'a compound not aolubk jn'tbe liquids 
to which it will probaUy be eiqposed. iThiis, ftr 
-silftance, primed or ilj^ed iUmnis ior'€6ttoa8.nnsst*be 
ikble to resist the action of soap and waier, (to wbidi 
Aey must necessarily be subject in washii^ ; and 
woollens and silks should withstand die action of 
^grease and acids, to which diey iMy accidemally be 
^fi^osed* 

- Bat if liiNfki and cotton have mm a suffitieat affinity 
ibr 06loatijig matter, liow are ^bey.xtade to resist 
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the action of washing, vrhkik they always do if they 
aj« wdi printed ? 

MRS* JB« 

When theaabatance to be dyed has either no: a£* 
£wty fon the colcnaring nuKtter, or not suffioienf 
power to retain it, the combination isi efiEiected, or/ 
strengthened, by the intervention of a third sub- 
stance, called a mordant^ or basis. The mordant 
must have a strong affinity both for the colouring 
matter and die substance to be dyed, by which means 
it causes <hem to combine and adhere together. 

CAROLINE. 

And; what are the substances that perform the of- 
fioi of 4^u|fi; racQQfcijiing the two adverse parties ? 

MRS. B. 

.Xbe ropsjt c^insnon-notorditfit is jsulpliat of .alumioe*. 
Qjr alum* Oxyds of tin and iron, in the states pfi 
compoiinA sali«, are likewise used for that purpose^ 

. uHwistft is another vegbtahle. ingredient of great 
ia^poflfeaofieiin die wtiBi It iei obtained' chicfty fiom. 
tke bliikubf[ traes^ faunitck iSimd) adso ini miti-gaJb^' 
and inisome other vegetafaks*, 

EMILY. 

ft 

' : ( b-ditat^tbcfsdbstMKQ? comhiaaly: ^caUedi/jn^ which 
iaimBi-mthot-fattuKPS ?' 
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« n« 



128 



MRS. B« 

Tan is the prepared bark in which the peculiar 
substance^ tannin, is contained. . But the use of tan 
in hotr houses is of much less impoitancc than in 
the operation of tannings by which skin is coe- 

verted into, leather. 

BMILY. 

Pray, how is this operation performed ? 

AIRS. B, 

Various methods are employed for this purpose, 
which all consist in exposing skin to the action of 
tannin, or of substances containing this principle, in 
8u£5cieht quantities and disposed to yield it to the 
skin. The most usual way is to infuse coarsdy 
powdered oak bark in water, and to keep the skin 
iinmersed in this infusion for a certain length of 
time. During this process, which is^ slew and gra- 
dual, the skin is found to have increased in weight, 
and to have acquired a considerable tenacity and im- 
permeability to water. This tSoct may be much 
accelerated by ueing strong satufations oft the tanning 
principle (which can be extracted from bark), in* 
stead of employing the bark itsdf. But this quick 
mode of preparation does not appear to make equally 
good leather. 

. TanQin is cantained.in a gnat variety of astrin- 
gent vegetable substances, as gkHs»the rosi>tree^ and 
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•wine ; but it is no where so plentiful as in bark. 
All tliese substances yield it to water, from which it 
may be precipitated by a solution of isinglass, or 
glue, with which it strongly unites and forms an 
insoluble compound. Hence its valuable property 
of combining with skin (which consists chiefly 
of glue), and. of enabling it to resist th^ action of 
water. 

EMILY. 

Might we not see that effect by pouring a little 
melted isinglass into a glass of wine, which you say 
contains tannin i 

• 

Yes. I have prepared a solution of isinglass for 
that very purpose.-— Do you observe the diick muddy 
pvecipitate ?— That is the tannin combined with the 
isinglass. 

CAROLINE. 

This precipitate must then be of the same nature 
as leather ? 

MRS. B. 

It is composed of the same ingredients ; but the 
organization and texture of the skin being wanting. 
It has neither the consistence nor the tenacity of 
leather. 

CAROLINE. 

One might suppose diat men who drink large 
•qmntides of red wine, stand a chance of having 

6 4 
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tUe coats of their stomadis converted into leather, 
since tannin has so strong an affinity for skin. 

It is not impossthle hot that the coats of dicir 
stonuichs may be, in some measure, tanned, or 
hardened, by the constant use of this liquor; but 
you must remember that where a number of- odier 
chemical agents are concerned, and, above all, where 
life exists, no certain chemical inference can be 
drawn. 

I must not dismiss this subject, WilhOBt iseotioni 
ing a very recent discovery of Mr. Hatchett which 
relates to it. This gentleman^ fpmid t&at a- sub- 
(itance very similar to- tanninr possessing all its 
leading, properties, and- actually capaMe of: tanoiiig 
leather, may be produced by exposing carbone, or 
any substance containing carbonaceous matter, 
whether vegetable, animal, or mineral, to tfae'adbion 
of nitric acid. 

CARCULIVE. 

And is not this discov«ry very likeif to be of gteat 
use to manufactures? 

MRS. B. 

That is. very doubtful, because tannin, thus ardfi^ 
cialty prepared, must probably always be niore expen^- 
sive than that which is obtained from bark. Bur tl^ 



4<s# i& esctlmhely eei^^tfe,- a« fl%ffi>i^ oiie of^-ttiose 
very rare instances of chemistry being able to im^ 

rate the proximate principles of organized bodies. 

» « 

The last ol^tbe vegetable materials is woody fibre i 
if is the hawiest panr of plantsv -Thecfaitf source 
from wlmhliM8vibslaAcei8.^ri«KMlils^ wood, but it 
is also GontEuiiedr more orless^ ia.evcry soBd part of 
the pkmti It fornisa. kind.^*«k6leton^of)the part 
to which itbe)oagfty and retaiiw itfr diape after all 
the other motcrioit • have^ disappear^edi. It) consists 
chiefly of ^earbone united- with- ar small pvo^rtion of 
salts and thebtiiepconstk«ient8.comm«MiJta>aIl vege- 
tables* 

EMILY. 

It is of woody fibre, then, that the common char- 
coal is made? 

MRSk B, 

Yt», Charcoal, as you may recollect, is obw 
tained fiXMn wood, by the separation of all its eva- 
porable parts» 

Before we take leave of the vegetable materials, it 
w4U be proper, at leasr, to enumerate the' several ve- 
getiible acids which we eidier have had, or may have 
occasion to mention. I believe I fonnerly told you 
that their basiS) or radical, was uniformly composed 
of hydrogen and carbone, and that their difference 
consisted only in the various proportions of oxygen 
which diey contliined. 

G 5 
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• The fcUowing «r? i^e Ii9ua»^ pf. ^ veg^^fafp 
acids: 



t 



The Mucous Acid^ obtained from gum, or mu- 

€Uag6; 

jfti^tir-....^i«*.»M ....w froin cork.; 

Cb99i^Ao'r^...M«i:*. ..»•••• from' cani^ior; . 

£cnz€tc ...••../«•••*••••••• froai balsiamfl ; • 

Gallic. ••.•^0*.^..,, from galls, bark, ice.; 

Malic •»^*...m.....^„ from ripe fruits ; 

Citric •••«••••.*..•••.•■•• «••. from lemon juice ; 

Oxalic. ..•.;....M....^ from sorrel ; 

Succinic . .•• 4.»...*m»..m from amber ; 

Tartarous from tartrit of potash \ 

Acetic* 1 from vinegar. 

• • - ' ' • • .■'••.' 
They are all decomposable by heat, soluble in 
water, and turn vegetJlbte'Mue colours red. The 
succinic^ the tartaromt and (hc'ac«^«{tf^;aaiflb,.are 
the products of the. decomposition of vegetables ^ we 
shall, therefore, reserve their examination for a fu- 
ture period. . • * . 

The oxalic acid^ distilled fr4>9^ ^oirel, is.iibe 
highest t^rm oi* vegetable acidi^cati^pnC; .for, if more 
oxygeni)e added to it, it los^^its vegetable joature, and 
is resolved into carbonic addend water;' therefore, 
though all. the other acids may .be .converted intQ 
the oxalic by an ^addition of oxygqil, ,tlke oxaii^ it, 
self is not susceptible of a fvirih^jT d§gr^^. Vt Cfxy-* 



/ 



gniation ;..iior can it be made^ by any cbemicd pro- 
cesses, to return to a state .of lower acidification* 

To conclude tibis sut^ect, I have only to add a 
&w words on the gallic acid 

CAEOLINE* 

Is not this the same acid, before mentioned, which 
forms inky by precipitating sulphat of iron from its 
solution ? 

MRS. R. 

Yes. Though it is usually extracted from gaUs, 
on account of its being most abundant in that ve« 
getable substance, it may also be obtained from a 
great variety of plants. It constitutes what is called 
th^ astringent principle of vegetables ; it is gene- 
rally combined with tannin, and you will find that 
SMI infusion of tea, cofixse, bark, rod wine^ or any 
vegetable substance that contains die astringent prin-^ 
ciple, will make a black precipitate with a solutipri 
of sulphat of iron. 

CAROLINE. . ;. 

But pray, what are galls ? . - • t , 

AKRS* B« 

• They are excrecences which grow on the bark of 
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WQundbi the/hark.0£.tCBes^ and l«iy«its^egg8ci»4ie 
aperture. The lacerated vessels of the tree dbea 
discbajrga their couiiem% and fecm an eoKvesctace 
which affords a .defcnsivecoverbg^ for dieoe eggfik 
The insect, when come to life, first feeds on tfaia 
excrescence, and some time afterward eats its way 
out, as it appAira fiiom. a hole which is fmned 
in, all gall*nuts^ that no longer contain aa. m^ 
sect. It is in hot climates only that strongly astrin* 
gent gall*nuts are found ; those which are used for 
the purpose of making ink are brought from 
Aleppo* 

But are not the oak^-appkB,. which grow on the 
leaves of the oak in this country, of a similaraa* 
tioe? 

MES. B. 

^ Yes ; only diey are an inferior species of g^lb, 
cohtaiaing less of the astringent principle, and there*^ 
fefc less appliptUe to useful purposes. 

« 

CAROLIKS. 

Are die vegetable acids never found but in their 
. pure uncombined state ? 

4 

MRS. B« 

. By no lotans; on die contrary, th^ are 6e^. 
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fitomi hoWiwefV' ^Hi^ tft* g<»mlc MC^ftl^ s&Qmted 
^P»tlh tlf»' taUfi^febl* bueSi io^tiMt tW^Ut i:Momi*> 
tiflM»; and; ill' M^ starter di^^ ard calM acHuUmf 
salts. Of this kind is the salt called creatii'of' iset 
tar. 

CAROLINE. 

Is not the salt of lemon, conamonly used to take 
out ink spots and stains, of this nature ? 

JnivS. B. 

No ; that salt consists merely of the citric acid 
reduced to the state oPcrysta^. 

CAROLINE. 

And pray how does it take out ink spots^ 

MRS. B. 

By decomposing the black precipitate, and ren- 
dering it soluble in water. But the dispUy of 
attractions by which this is performed is, I believe^ 
not exactly ascertained. 

Besides die vegetable materials which we have 
enumerated, a variety of other substances, common 
to the three kingdoms, are found in vegetables, such 
as potash, which was formerly supposed to belong 
exclusively to plants, and was^ in consequence, 
called the vegetable alkali. 



Sttlphiiri 'phosphoniSy eanbs, and a variety of me- 
JEaUic oxjiSf are also found in vegetaUes, but only in 
«mall quaiitides. And we meet tooHetimes wiiik 
neutral salte formed by the combizmtion of these in* 
fredients. 



E 



195 



CONVERSATION XVni. 



ON THE DECOMPOSITION OF VEdErABLES. 



CAftOUNS. . 

Tub aecoimt whkh yoo hairepveoiiSy Bin. A, 
of tbe materials of Vegetablety is, donbdetty T«y 
instructive; but it does not compkldjr tatittfvof 
curiosity. I wish to know how pbnts obtain the 
principles from which their various materials are 
foitned ; by what means these ase converted into 
v^;vtable matter^ and bow they are conneGted with 
tbe life of the plsttU; ? 

MRS. B. 

Thb implies nothing less than a complete history 
of the chfimistqr .and physiidogy of vegetation, sub* 
jcctson which we have >yet but very imperfect no« 
tioQs. StiU I hope that I shall beaUe, in some 
measui^ to satisfy your curiosity. Biat^ in onler to 
render the subject more incrlligtble^ I must first make 
yott ac<ydiaifMied wxX\^ Uie .various change which ve? 
tie(tahle« md^g^y whm. th^ vital pgMrer: no iongor 
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enables them to resist the cofmmon laws of chemical 
attraction. 

The composition of vegetables being more com- 
plicated tl^^a, tbat oS^a^vaiis^. ^.iottQer more 
readily undergo chemical changes than the latter : 

easily is the equilibrium destroyed, and a new order 
of combinations introduced. 

EMILY. 

I am surprised that' vegetables should be so easily 
ateGeptibkiofideqoaifusidofi ^ftvthenpicsecvatioa of 
dw'.'vegeiaUrJungdQn. isoeataiiiiy &ei lava ia^pofi^ 
laat^ian thatof minorafa^ 

^ Yoii'iDii0txx>iMider^ on the oArev hand. How mueh 
moie etMkf the fonser* i>- rene^wed ibaatb^ tetfpri 
The decomposition of the vegetaUa t>kc& place only 
after the death of the plant, which, in the common 
course of nature, happens when it has yielded 
jGruit and seeds to propagate its q^ies* i^ instead 
ef thus finishing its career, each plant wa&to itttain 
its form and vegetable state, it would became ai| 
mrlnrri burdbn to the earth, and ita inhabitaiMa. 
Whenv^etaUes therefore cease to be productive^ 
diey cease to live, and Nature then begins her pco* 
cnsof decomposiiion, in order to fes(dve A»m imo 
cfaenucal ccmstituents^ hydrogen^ carbone, afid 
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oxygea; Cbose siaple* and primitive, iogredienls,. 
which she keeps in store for all her combinatioBS. 

EMII.Y. 

But sinco no system of combinadon can bede» 
sttojtdf . except by; the estahUshmeatof aoodier or* 
dH-'df atiractioliSy.bow can tfa^ decompositioa of. 
VcjgetaUcs reduce them to their simple .elements i 

MAS. B. 

-' Itris' «r very kM^procesSy .daring. iK^iichs variety 
of new combinations . are succeasifely estalUbeA 
and socecaBiitaly destroyed; hot, in- eacl^' of these 
changes^ tin ingtedients of'V>egetable'mattertefid«ta 
unite int a. mofct: simplo* coder of comprnmcis^. tilt 
they are ati length^hrongfat: to their, ekmeatary staler 
oi^.ati least, toithetr most- sicnple -older ^ coalbinar 
tionsk Thus^ ycmivfiii find, that v«f|elahkfi! «ce^ ia 
tHe eadr almost eintirelf rediioed to wateir and car* 
haaic :acid ; the hydrogen* and carbone ^viduig tba 
oftygen-hetweentheaoi. so as to form wtth it ihe$e 
tfive snbstanoesc Bar. die variety of imermediate 
eombinations that take place during the. se^reraJ 
stages of the decomposition of vegetables, present 
ns with a new set of compbnnds, well worthy of 
oiir- examihattom 

How is it possible that vegetables^ wliile pudfyr 
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ingi should produce any thing worthy of observa- 
tion? ' 

MRS. B. 

They arc susceptible of undergoing certain changes 
before they arrive at the state of putrefaction, whfch 
is the final term of decomposition; and of tliese 
changes we avail ourselves for particular and im-^ 
portant purposes* But, in order to mak«yotiuil« 
derstand this subject, which is of considerable im- 
portance, I must explain it more in detail. 

The decomposition of vegetables is always at- 
fended by a viotsfft internal motion, produced- by the 
^sutfion'of one order of particles, and the combi'i* 
nation of another. This is called ferment atiok. 
There are several periods at which fennentation 
stops, so that a state of rest appears to be restored, 
and die new order of compounds fairly establidied. 
Bntf unless means be used to secure these new com* 
binations in their actual state, dieir duration will be 
but transient, and a new fermentation will take 
place, by which the compound last formed wilt be 
destroyed ; and anodier, and less complex order^ will 
succeed. 

EMILY. 

The fermentation, then, appears to be only the 
successive steps by which a vegetable descends to its 
final dissolution 
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MBS. B. 

Precisely so. Your definition is perfectly cor- 
rect. 

CAROLINE. 

And how many fermentations, or new arrange- 
ments, does a vegetable undergo before it is reduced 
to its simple ingredients ? 

MRS. B. 

Chemists do not exactly agree in this point ; but 
there- are, I think, four distinct fermentatiqns, or 
periods, at which the decomposition of vegetable, 
matter stops and chants its course* But every 
kind of vegetable matter is not equally susceptible 
of undergoing all these fermentations. 

There are likewise several circumstances required 
to produce fermentation. Water and a certain de« 
gree of heat are both essential ta this process^ in 
order to separate the particles, and thus weaken their 
force of cohesion, that the new chemical affinities 
may be brought into action. 

CAROLINE. 

In frozen climates, then, how can the spontaneoui 
decomposition of vegetables take place ? 

.MRS. B. 

It ecitainly (:annot ; and, . accordixiglyy we .find 
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scarcely any yestigcs of-vogfolation where a constant 
xrost piwaiia»< 

CAROLINE. 

One would imagine duit, onr the contrary, such 
qiottrwouU he covered widi vegetables ; for, aiace 
diey.caiuiot be: decompotcdj their mvober muatal^ 
ways increase. 

But, my dear, heat and water are quite as esaen- 
ciad to the formation (^vegetables as they are to 'their 
decompositiop. Besides, it is from the dead v^gc*- 
tables, reduced to their 'dbmentary principles, that 
die rismg generation is soppUed with, susteoaoocb 
No-^unppiant, therefoie,.can grow unless its pre* 
decessors contribute both to its ^ formation aiidiSBip?^ 
port^ and these not oolf. furnish the seedj from 
iNMeh the new. plant springs^ but ItiBewise tbc food 
by w^Kich it 1^ nonrished* 

CAftOLIKfi*. 

Under the torrid zone, therefore, where water is 
never frozen, and the heat is very great, both the 
processes of vegetation and of fermentation must, I 
feuppdae, be extremeljr rapid^^^ 

MRS. B. 

Not SO much as you imagine ; for in such cli* 
Mates greodr^Nirt'of thetwuter whidi it requisite for 
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*t1ie9e processes is aibh aeriform s4Sitc> ^hkh is 
"Scirtf^ly more'condticiire cither ro the growth at 
fotmation of vrgetables than that of icc. <In'tho«5 
IsttitHdeS) therefore, it is only in low 4amp situations, 
iheltered by woods from thesun^s rays, that the smaller 
tribes of Tegetables can grow and thrive' during the 
dry season, as dead vegetables seldom retain water 
enough to produce fermentation, but are, on the 
eontrary, -soon fti^ up by the ^ heat -df the sun, 
^whichenafeles'therti to resist that process^;' so that It 
'is>noe till the ^faH of the autumnal rains (which am 
very violent in such climates), that spontaneous' fer* 
mentation can take place. 

The several fermentations derive their names from 
ilieir principal ptxidttcts. 'Die firm is eaUed tbe^oc- 
charme fermenMionj beoaose its yr^diict is sugur. 

4 

CAROLXNS* 

But aogar, you have toid us, is found ia all vag^ 
tabks ; it cannot^ therefore, be the productiof their 
deeoioposition* 

MRS. B. 

. It is true that this fermentation is not confined ro 
the dectmipositfon of vegetables, as it ooncinually 
takes place during their life ; and indeed this civ*- 
cumstance has, till lately, prevented it from being 
considered as one of the fermentations. But the 
probess appeaiv so analogous to die otlier fermenta* 
tions^ and the iannatien of mgar, whether in living 
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or dead vegetable tpattei:, is so evidently a new com* 
poutidy proceeding from the destruction of the pre- 
vious order of combinations, and essential to the 
subsequent fermentations^ that it is now esteemed the 
first step, or necessary preliminary, to decompositioB» 
if not an actual commencement of that process. 

CAROLIN£. 

I recollect your hinting to us that sugar was sup- 
posed not to be secreted from the sap, in the same 
manner as mucilage, fecula^ oil, and the other in- 
gredients of vegetables. . 

MRS. B. 

It is rather from these materials, than from the 
sap itself, that sug&r is formed; and It is developed 
at particular periods, as you may observe in fruits, 
which become sweet in ripening, sometimes even 
after they have been gathered. Life, therefore, is 
mot essential to the formation of sugar, whilst, on the 
contrary, mucilage^ fecula, and the other vegetable 
materials that are secreted from the sap by appro- 
priate organs, whose powers imrnediately depend on 
the vital principle, cannot be produced but>duriitg 
^c existelBce of that princif^. • . : . /. • 

EMij*y. . M^ ' - ' ■ ' 
The ripening .oF fruits is, < then, their fipqitstqito 
destrucdon^.a&'ivell a^tfacfir last towafdsiiiefcfectioa?' ' 
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JraRS* B« 

£xactly.— "The saccharine fermentation fre« 
quently takes place also during the cooking of ve- 
getables. This is the case with parsnips, carrots, 
potatoes, &c. in which sweetness is developed by 
he^t and moisture ; and we know that if we carried 
the process a little further, a more complete decom- 
position would ensue. The same process takes 
place also in seeds previous to their sprouting. 

CAROLINE. 

How do you reconcile this to your theory, Mrs. 
B. ? Can you suppose that a decomposition is the 
necessary precursor of life ? 

MRS. B* 

, That is indeed the case. The materials of the 
seed must be decomposed, and the seed disorganized, 
before a plant can sprout from it. Seeds, besides 
the embrio plant, contain (as we have already .ob- 
served) fecula, oil, and a little mucilage. These 
substances are destined for the nourishment of the 
future plant; but they must undergo some change 
before they can be fit for this function. The seeds, 
when buried in the earth, . witli a certain degree of 
moisture and qf temperature, absorb water, which 
dilates them, separates their particles, and intro- 
duces a new order of attractions, of which sugar is 
the product. The substance of the seed is thus sof- 
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tenedy sweetened, and'Cdttfetted into a tort of white 
inQky pulp, fit for the noitridiiiieiit of tbt emhrio 

plant. 

The saccharine fermentadon of seeds is artifi- 
cially produced, for die purpose of making mati^ 
by the following process:— A qoantity of faariey ii 
first soaked in water for two or diree days ; the 
water being afterwards drained off, ihe grain heats 
spontaneously, swcHs, bursts, s we ete ns, shows a di»» 
posidon to germinate, and would actually ^rout, if 
the process was not stopped by putdng it into a kiln, 
where it is well dried, at a gende heat. In diis state 
it is crisp and fiiablc, and constitutes die substance 
called maii, which is the princqial ingredient of 
beer. 

'But I hopejott will tell us how malt is made into 
beer? 

Certainly; but I musfffst explain to you the 
nature of the second fermentation, which is essential 
to that operation. This is called the vinous fer- 
mentatiany because its product is wine* 

How very different the decomposition of vege- 
tables is from what I had imagined. The products 
of their disorganization appear almost superior to 
those which they yield during theit State Of life and 
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pcffecdon. From a decayed seed we arc supplied 
faodk with sugar and wine. 

MRS. B. 

And do you not, at die same time, admire the 
•beautifcd econemy of Nature, which, whether she 
cceafes, or wiiether she destroys, directs all her ope- 
xatiOQSto some useful and benevolent purpose? It 
appears that the saccharine fermentation is essential, 
as a previous step, to the vinous fermentation ; so 
that if sugar be not developed during the life of the 
|]lant, the saccharine fermentation must be artifi- 
cially produced before the vinous fermentation can 
take place. This is the case whh barley, which 
does not yield any sugar until it is made into 
malt ; and it is in that state only that it is sus*. 
ceptible of undergoing the vinous fennentation by 

which it is converted into beer. 

t- 

.CAROLINE. 

Bat if the product of the vinous fermentation is 
dways wine, beer cannot hav« undergone that pro^ 
cesa; Sor beer is certainly not wine. 

MRS. B* 

Cheinicaily speaking, beer may be considered as 
Ika wine of grain. For it is the product of the fer- 
menta tion of malt, just as wine is that of the fer- 
sniMitioB of grapes, or other fruits. 

VOL. IX. H 
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The consequence of the vinous fermentatioa is 
the decomposition of the saccharine matter, and the 
formation of a spirituous liquor from the consticuentB 
of the sugar. But, in order to promote this fermeB- 
.tation, not only water and a certain degree of heat 
are necessary, but also some other vegetable ingre- 
dients, besides the sugar, as fecula, mucilage, acids, 
salts, extractive matter, &c. all of which seem to 
contribute to this process. 

EMILY. 

It is, perhaps, for this reason that wine is not ob- 
tained from the feimentation of pure sugar ; but that 
fruits are chosen for that purpose, as they contain 
not only sugar, but likewise the oth^r vegetable in- 
gredients which are requisite to promote die vinous 
fermentation. 

MRS. B* 

Certainly. And you must observe also, that the 
relative quantity of sugar is not the only circum- 
stance to be considered in the choice of vegetable 
juices for the formation of wine; otherwise the 
sugar-cane would be best adapted for diat purpose. 
It is- rather the manner and proportion in which the 
sugar is mixed with other, vegetable ingredients that 
influences the production and qualities of wine. 
And it is found that the juice .of the grape not only 
yields the most considerable proportion of winp, but 
that it likewise affords it of the most grateful flavour. 



14.7 

EMILY. 

I have seen a vintage in Switzerland, and I do 
not recollect that heat was applied, or water added, 
to produce the fermentation of the grapes. 

MRS. B. 

The common temperature of the atmosphere, 
in the cellars in which the juice of the grape \s fer- 
mented, is sufficiently warm for this purpose ; and, 
as theJyice contains an ample supply of water, 
there is no occasion for any addition .of it. But 
•when fermentation is produced in dry malt, a quan- 
tity of water must necessarily be added. 

£MILY« 

But what are precisely the changes that happen 
during the vinous fermentation ? 

MRS. B. 

^The sugar is decomposed, and its constituents arc 
recorobined into two new substances ; the one a pe- 
culiar liquid substance, called alcohol^ or spirit of 
wine; the other, carbonic acid gas. Wine there- 
fore, in a general point of view, may be considered 
as a liquid of which alcohol constitutes the essential 
part; And the varieties of strength and flavour of 
the different kin4s of wine arc to be attributed to 
the diiFerent qualities of the fruits from which they 

H 2 
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are obtained^ independently of the sugar, without 
which no wine can be produced. 

CAROLINE. 

I am astonished to hear that so powerful a liquid 
as spirit of wine should be obtained from so mild a 
substance as sugar. 

MRS. B. 

Can you tell me in what the principal difference 
consists between alcohol and sugar ? 

CAROLINE. 

Let me reflect Sugar consists of carbooje, 

hydrogen, and oxygen. If carboni acid be sub- 
tracted from it, during the formation of alcohol, the 
latter will contain less carbone and oxygen dian 
sugar does ; therefore hydrogen must be the {^-evail- 
ing principle of alcohol. 

MRS. 6. 

It is exactly so. And this very large proportion 
of hydrogen accounts for the lightness and conoh 
bustible property of alcohol, and of spirits, in 
general, all^ of which consist of alcohol variously 
modified* 

EMILY. 

And can sugar be recomposed from the cooibiaa* 
tion of alcohol and carbonic acid ? 
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MRS. B. 

Chemists have never been able to succeed in ef- 
fecting this; but fix>ni analogy, I should suppose 
such a recomposition possible. Let us how ob* 
serve more particularly the phenomena diat take 
place during the vinous fermentation. At the com- 
mencement of this process, heat is evolved, and the 
liquor swells considerably from the formation of th^ 
carbonic acid, which is disengaged in such prodi- 
gious quantities as to be often very prejudicial to the 
vintagers. If the fermentation be slopped by putting 
the liquor into barrels, before the whole of the car- 
bonic acid is evolved, the wine is brisk, like Cham* 
pagne, from the carbonic acid imprisoned in it, and 
it tastes sweet, like cyder, from the sugar not being 
completely decomposed. 

EMILY. 

But I do not understand why beat should be 
evolved during this operation* For, as there is a 
<:onsiderable formation of gas, in which a proportion- 
able quantity of heat must become insensible, I 
should have imagined that cold, mther than heat;, 
would hav« been produced 

MRS* B» 

It appears so ^n first consideration ; but you must 
recoHect that fermentation is a complicated chemical 
process , and that, during die decompositions and re- 

H S 
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compositions attending it^ a quantity of chemical 
heat niay be disengaged, suflScient both to develope 
the gas, and to effect an increase of temperature. 
When &e fermentation is completed, the liquid 
cools and subsides, the effervescence ceases, and the 
thick, sweet, sticky juice of the fruit is converted 
into a clear, transparent spirituous liquor called 
wine* 

EMILY. 

How much I regret not having beoi acquainted 
with the nature of the vinous fermentation, Trfaen I 
had an opportunity of seeing the process ! 

MRS. B* 

You have an easy method of satisfying yourself 
in that respect by observing the process of brewing, 
which, in every essential circumstance, is similar to 
that of making wine, and is really a very curious 
chemical operation. 

Although I cannot perform the experiment of 
^making wine, it will Jbe easy to show you the 
mode of analyzing it. This is done by distillation* 
When wine of any kind is submitted to thi$ opeiu* 
tion, it is found to contain brandy, water, tartar, 
extractive colouring matter, and some vegetable 
acids. I have put a little port wine into this glass 
alembic (Plate X. Fig. 23.), and on placing 
the lamp under it, you will soon $ee these products. 
successiv<;ly come pver«« 
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EMILY. 

But you do not mention alcohol amongst the 
products of the distillation of wine ; and yet that 
is its most essential ingredient ? 

MRS. B. 

The alcohol is contained in the brandy which is 
now coming over, and dropping from the still. 
Brandy is nothing more than a mixture of alcohol 
and water; and in order to obtain the alcohol pure, 
we must again distil it from brandy. 

CAROLINE. 

I have just taken a drop on my finger ; it tastes 
like strong brandy, but it is without colour, whilst' 
brandy Is of a deep yellow. 

MRS. B. 

Iris not so naturally; in its pure state brandy is 
colourless, and it obtains the yellow tint you ob- 
serve, by extracting the colouring matter from the 
new oaken casks in which it is kept. But if it does 
not acquire the usual tinge in this way, it is the 
custom to colour the brandy used in this country 
artificially^ in order to give it the appearance of 
haying been long kept. 

CAROLINE. 

« 

And is rum also distilled ftx>m wine ? 

H 4 
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MRS. B. 

« 

By no means ; it is tlistilled irom the sugar-cane^ 
a plant which contains so groat a quantity of sugar^ 
diat it yields more alcohol than almost any odier 
vegetable. Previous to the distillation of the spirit^ 
the sugar-cane is made to undergo the vinous fer- 
mentation, which the other ingredients of the plant 
are just sufficient to promote. 

The sfMrituous liquor called aracA is in a similar 
manner distilled from the jMroduot of the xiaofo^ 
fermentation of rice. 

£MILY. 

\But rice has no sweetaessi docs it contaia any 
sugar j 

MRS. B. 

Like barley and most other seeds, it is insipid un* 
til it has undergone the saccharine fermentation; 
and this, you must recollect, is alwap a provious 
step to the vinous fermeotatiQa in those vegetables, 
in. which sugar is not already formed- Brandy may 
Jn the same manner bq obtained from mak* 



CAROLINE. 

You mean from beer, I suppose; for the mak 

must have previously undergone the vinous femien^ 

tation* 

Mas. B. 

Beer is not precisely the product of liie vinous 



fenninitatiiMi of malt. For kops ate a DttMsary^ 
ingrtdicnt for the foraiation of diat Uquor ; lehilst 
brandy b ditttUed from pare feimcated ifcialt BuC 
brandy might, no doubt, be distilled from beer as 
ivell as from any other Ii^tK>r that has und^one 
the vinous fermcntatioii; fr)r. since tbo basis of 
brandy is alcohol, it may be obtained from any li- 
quid that contains that spirituous substance. 

And pny^ from wlxat vegieeahfe ik fim favourite 
spirit of the lo«rer onkri itf people, gUk, raiF9^ltd t 

The spirit (which is the samA in all fermenlBA 
liquors) may be obuined from any kind of grain ; ' 
but the peculiar flavour ^ich distingtiishe3 giOy if 
that of juniper berries, which are distilled cogetfaBr 
with the grain— 

I think the brandy contained in the wine which 
we afe dietitting, mtistv hy ihi» time^ be all tome 
oves* Yee<«McaKe die liquid that is new diroppiag 
from the alembic*— 

CAROLINE. 

It is perfectly insipid, Vkt tirater. 

■• . ' • 

It is ivaier, mrhiebt tu I war «riUiig yMt k die 
second product of wtoe, attd tom» ovMt^ eAtr all 
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the spirit, which is die Kghtest part, is disdlled.-* 
The tartar andextracdve colouring matter we d»U 
fitid in a solid form at the bottom of die alembic, j 

BMILY. 

They look very like the lees of wine* 

And in many respects they are of a similar na<- 
ture : for lees of wine consist diiefly of tartrit of 
potash) a salt which exists in the juice of die grape^ 
and in many other vegetaUes, and is developed only 
by the vinous fermentadon. During this operation 
it is precipitated, and deposits itself on the internal 
sarface of the cask in which the wine is. contained* 
It is much used in medicine under the name of 
cream of tartavy and it is. from this salt that die 
tartarous acid is. obtained. 

CAHOLIKE. 

« * 

. But the medicinal cream of tartar, is. in appi^ar-* 
ance quite diffei-ent from these d^rk*coloured i!f^^% 
it is perfecdy colourless. 

MRS. B« 

Because it consists of die pure saks oniy> in it% 
cry^uAized form ; wbikt in the instance befp^e ^ 
it 19 mixed with the deep-coloured wt|aet|fte;||i9t; 
ter jaod oth^.fpreign ingriodieau* 
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emily: 

Pray cannot we now obtain pure alcohol from 
the brandy which we have distilled ? 

MRS* S* 

We might ; but the process would be tedious : for 
in order to obtain alcohol perfectly free from water, 
it is necessary to distil, or, as the distillers call it, 
rectify it several times. You must therefore allow 
me to produce a bottle of alcohol that has been 
thus purified. This is a very important ingredient, 
which has many striking properties, besides its form* 
ing the basis of all spirituous liquors. 

EMILY. 

It is alcohol, I suppose, that produces intoxica- 
tion? 

xuRS. S* 

Certainly; but the stimulus and momentary 
energy it gives to the system, and the intoxication 
it occasions when taken in excess, are circum* 
stances not yet accounted for* 

CAROLINE*. 

t thought that it produoed* these efiects by m« 
cwasing the rapidity of the circulation of the blood ; 
for drinking wine or spirits^ I have heard, always 
qpitkens the pulse. 

H6 
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No doubt s (he s^rit, by sUmiibdiig tb/a nsivts, 
increases the action of cheouiscks ; and the hsftfl:^ 
which is one of the strongest muscular organs^ beats 
with augmented vigour and propels the bk>od with 
accelerated quickness* Afier such strong exdtatiDn 
the frame naturally sofiers a pTQpdrtional degree 
of depressioni so that a state of debility and iaoguor 
are the invariable consequences of iDtoxioftdea; 
But thott^ these circumstances afe well ascettasaed^ 
they are far from explaiiiiag wbyi aIc4)hol should 
produce suck effects* 

EMILY. 

Liqueurs are the only kiftd of spirits which I- 
think pleasaut. Pray of what do tbey coniist? 

MRS. B* 

. They are oomposed of t^lcoboU sweettood wkh 
syrup» aad flavoured with volatile oil, 

. The difiS^rent kipds of odori^ronS spiritucNU vsa-^. 
ters are likewise solutions (tf volatile oil in alccJiol^ 
as lavender water, eau de Cologne, &c. 

The chemical properties of akohol are importanr 
and numerous. It is one of the aftoat poweriil 
chemkal agents, and i^ part^ularly usofisl ia 
solving a variety of stibstaiioes, whick ait 96k 
neidier by v?ater nor heat. 
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BMItY*. 

. We have seen it dissolve copal and masde la 
fonn varnishes ; and tllest resins are certainly not 
sfiliihle in wFflteFy since water precipitates ib^xn 
from dieir solution in alcohol. 

MRS.B. 

' I am kaj^y to End that you reoolkct diese cinnuLH.- 
sUUBcea so well. The same experiment affords also 
an instance of another property of alcohol^ its te^ 
dehcy to unite with water $ for the resin is precipi- 
tated in consequence of losing the alcohol* whkh 
aJ>andoos it from its preference for water* We do 
not, however, consider the union of akohpl and. 
water, as the effect of chemical combination^ but 
mdier as a simple solution, similar to that of sul- 
phuric acid 9nd water ; it is attended aho^ as yon 
may recollect, with the same pecultar circnmstance. 
of a disengagement of heat and consequent dimiim* 
tion of bulk, which we have supposed ta be pmc 
ductd by a mechanicad penetration of particles ^^ 
which latent heal is forced out. 

Alcohol unites thus readily not only with resins 
and with water, but with tnh and balsams ; these 
ceiB|KMuids form die extensive class of elixks^ 
tinctures, quintessences, &c. 

£MILYv 

I suppose that alcohol must be highly coinbus^ 
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tSifey tnice it contains so hrge a propoitioir of hy* 

QfOgUk r 

Mas. B. 

Extremdy so ; and it will bom at a very mode- 
xate temperature. 

CAROLINE. 

I have often-seen bodx Brsmdy and spirit of wine 
bomt ; diey produce a great deal of flamey but not 
a proportional quantity of beat, and no smoke 
whatever. 

ItRS. B^ 

The last circumstance arises from dieir combust 
tion being complete ; and the disproportion between 
die flame and heat shows you that these are by no 
means synonymous.- 

The great quantity (^ flame proceeds^ from the 
combustion of the hydrogen- to which, you know; 
that manner of burning is pequliar.— Have you not 
remarked also that brandy and alcohol will bum^ 
without a wick? — ^They take fire at so low a tem* 
perature^ that this assistance is not required to ooni^- 
centrate the heat and voUtilize the fluid.. 

CAROLINE. 

£ have- sometimes seen brandy burnt by merely* 
heating it in a spoon. 

MRS* B* 

Tlie rapidity of the combustion of alcohol may> 
however, be prodigiously increased by first vola- 
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tilizldg it. An ingenious instrument has been con- 
structed on this principle to answer the purpose* of 
abloW'pipe, which may be used for melting glass* 
or other chemical purposes. It consists of a small 
metallic vessel (Plate X* Fig. 24* p. lSO.)f of 
a spherical shape, which contains the alcohol, and^ 
is heated by the lamp beneath it ; as soon as the 
alcphol is volatilized^ it passes through the spout of 
the vessel, and issues just above the wick of the 
lamp, which immediately sets fije to the stream of 
vapour, as I shall show you«-» 

EMILY. 

With what amazing violence it bums! The 
flame of alcohol, in the state of vapour, is, I fimcy, 
much hotter than whea die spirit is merely burnt in» 
a spooa? 

MRS. B. 

Yes ; because in diis way the combustion goes 
oninuch quicker, and, of course, the heat is pro- 
portionally increased.— Observe its effect on this 
small glass tube, the middle of whkh I present to die- 
extremity of the flame, where tiie heat is greatest. 

r • 

CAROLINE^ 

The ^ass, in that spot, is become red hot, and 
bends from its own weight. 



I Imre now dnNm it miadicr^ a^d am going ta 
blow a ball at one of tho hated endi -, but I most 
premmly cloie it np^ and fl^ttsii it with thii little 
mietallie itistrumeiit^ otherwios the breath wooU paaa 
tfiffouj^ the tube widxiut dibtiog any part of it^<*^ 
Nov<^» Carolioo, will yoo blow stvoo^ ioto tho 
tttbe wWlM lilt dooid cod i» red hot. 

• 4 

EMILY* 

You blowed too haid ; for the ball Aoddbidy £biaft 
to a great size, and then burst in pieces. 

■ 

You will bo more 6«pert aiiotb«r time ; but I 
mustMOtkm you* shootd you ever usediis blow-pipe^ 
to be very careful that the combustion of the aleo* 
hoi does not go on with too great violence, for I - 
have seen the flame sometimes dart out with such 
force a» to readi the opposite waM of dtt room> luid 
set the ptint on fire. There Js^ however^, no dangtt / 
of die vessel birsting, at it i» pmvidcd widi & aafii^ 
t«be^ which afibrda an additional veot for tho vapowr 
of akobol when re<]oired* . . 

The products of the combustion of alcohol coi9p 
sist in a great proportion of water, and a small 
quantity of carbonic acid* There is ao amoko or 
fixed remains whateven-^ow do you acoomt te . 
that, Emily? 
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£MILY. 

I suppose that the oxygen which the alcohol at>- 
sorbs in burning, converts its hydrogen into water, 
and its carbone into carbonic acid gas ; and thus it 
is completely consumed. 

MRS. B. 

Very welL— -jE'^Aer, the lightest of all fluids, and 
'with which you are well acquainted, is obtained 
from alcohol) of which it forms the lightest and 
most volatile part« 

EMILY. 

Ether, then^ is to alcohol, what alcohol is to 
brandy? 

MRS. B. 

No : there is an essential difference* In order 
to obtain alcohol from brandy, you need only de^^ 
prive the latter of its water ; but for the formation 
of ether, the alcohol must be decomposed, and one 
^ its constituents partly subtracted. I leave you ta 
guess which of them it is—* 

EMILY. 

It cannot be hydrogen, as ether is more volatile 
than alcohol, and hydrogen is the lightest of aU its 
ingredients : nor do I suppose that it can be oxy- 
gen, as alcohol contains so small a proportion of that 
princif^le. ; it is, therefore, most probably carbonei^ a 
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diminution of which would not fail to render the 
new componnd more volatile. 

BARS* fi* 

Yon are perfectly right. The formation of ether 
consists simply in subtracting from the alcohol a 
certain proportion of carbone ; this is effected by 
the action of the sulphuric, nitric, or muriatic acids 
on alcohol. The acid and carbone rpifiain at the 
bottom of the vessel, whilst the decarbonized alco- 
hol flies off in the form of a condensable vapour, 
which is ether. 

Ether is the most inflammable of all flufds, and 
bums at so low a temperature that the heat evolved 
during its combustion is more than is req^iired for 
its support, so that a quantity of edier is volatilized, 
which takes fire, and gradually increases the Yio^ 
lence of the combustion. 

This spirituous fluid is so Ught that it evaporates 
at the common temperature of the atmosphere, it is 
therefore necessary to keep it confined by a welt 
ground glass stopper. No degree of cold known 
has ever frozen it. 

CAROLINE. 

Is it not often taken medicinally f 

MRS. Bm 

Yes ; it i& one of the xhosi effectual antispasmo- 
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die medicines, and the quickness of its effects, (as 
such, probably depends on its being instantly con- 
verted into vapour by the heat of the stomachy 
through the intervention of which it acts on the 
nervous system. But the frequent use of ether, like 
that of spirituous Hqtiors, becomes prejudicial, and, 
if taken to excess, it produces effects similar to 
those of intoxication. 

We may now take our leave of the vinous fer» 
mentation, of which, I hope, you have acquired a 
clear idea ; as well as of the several products that are 
derived from it. 

CAROLINE. 

Though this process appears, at first sight, so 
much complicated, it may, I think, be summed up 
in a few words, as it consists simply in the conver- 
sion of sugar into alcohol and carbonic acid, which 
gives rise both to the formation of wine, and of all 
kinds of spirituous liquors. 

MRS. B. 

We shall now proceed to the acet&us fennenta-- - 
tWHy which is thus called, because it converts wine 
Into vinegar^ by the formation of the acetous acid,, 
which Is the basis or radical of vinegar. 

CAROLINE. 

I * 

But is not the acidifying principle of the acetou& 
acid the same a<> *^^t of all other acids, oxygen ? 
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MRS. B» 

Certainly; and on that account the contact oi 
air is essential to this fermentation^ as it affords the 
necessary supply of oxygen. Vin^r, in order 
to obtain pure acetous acid from it, must be dis* 
tilled and rectified by certain processes ; and the more 
frequently this operation is repeated^ the more 
perfect the acid will be. 

EMILY. 

But pray, Mrs. fi., is not the acetous acid fiv» 
quendy formed without this fermentation taking 
place? Is it not, for instance, contained in ackl 
fruits, and in every substance that becomes sour? 

MRS. B. 

No, not in fruits ; you confound k with the ci» 
trie, die malic, the oxalic^ and other vegetabia 
acids, to which living vegetables owe their acidity* 
But whenever a vegetable substance turns sour, 
after it has ceased to live, the acetous acid is deve- 
loped by means of the acetous fermentation, in 
which the substance advances a step towai^ its final 
decomposidoo« 

Amongst the various instances of acetous fcnnca- 
tation, that of bread is usually classed. 

CAROLXNS. 

But the fermentation of bread h produced by ' 
yeast ; how does that efiect it f 
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MRS. B. 

Ic is found by experience that any substance that 
has already undergone a fermentation, will readily 
excite it in one that is susceptible of thai process. 
If, for instance, you mix a little vinegar with wine, 
that is intended to be acidified, it will absorb oxy* 
gen more rapidly, and the process be completed 
much sooner, than if left to fermenti spontaneously. 
Thus, yeast, which is a product of the fermenta- 
tion of beer, is used to excite and accelerate the 
fermentation of malt, which is to be converted ioto 
beer, as well as that of paste that is to be made 
into bread. 

CAROLINE. 

But if bread undergoes the acetous fermentation, 
why is it not sour ? 

MRS. B. 

It acquires a certain savour which corFects the 
heavy insipidity of flour, and may be reckoned a 
first degree of acidification ; for if the process was 
carried fiirdier, the bread would become decidedly 
acid. 

There are, however, some chemists who do not 
consider the fermentation of bread as being of the 
acetous kind, but suppose that it is a process of fer- 
mentation peculiar to tliat substance. 

The puirid/ermeniation is the final operation of 
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Nature, and her last step towards reducing organized 
4x)die8 to their simplest combinations. All vege- 
tables spontaneously undergo diis fermentation after 
death, provided there be a su€Bcient degree of heat 
and moisture, together with access of air ; for it Is 
well known that dead plants may be preserved hy 
drying) or by the total exclusion of air. 

CAROLINE. 

_ » 

But do dead plants undergo the t)thcT fermenu* 
tions previous to this last; or do they immedialeljr 
suffer the putrid fermentation ? 

MRS. B* 

That depends on a variety of circumstances, such 
as the degrees of temperature and of moisture, the 
nature of the plant itself, &c. But, if you were 
carefully to follow and examine the decomposition 
of plants from their death to their final dissokition, 
you would generally find a sweetness developed m 
the seeds, .and a spirituous flavour in the fruit^ 
(which have undergone the saccharine fermenta- 
tion), previous to the total disorganization and se-. 
paration of the parts. 

EMILY. 

I have sometimes remarked a kind of spirituous 
taste in fruits that were over ripe, especially oranges; 
and this was just before they became rotten. 
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MRS. B. 

It was then the vinous fermentation which had 
succeeded the saccharine, and had you followed up 
these changes attentivdy, you would probably have 
found the spirituous taste followed by acidity, previ* 
ous to the fruit passing to the state of putrefaction. 

When the leaves fall from the trees in autumn^ 
they do not (if there is no great moisture in the at- 
mosphere) immediately undergo a decomposition, 
but are first dried and withered ; as soon» however, 
as the rain sets in, fermentation commences, their 
gaseous products are imperceptibly evolved into the 
atmosphere, and their fixed remains mixed with 
their kindred earth. 

Wood, when exposed to moisture, also undergoes 
the putrid fermentation and becomes rotten. 

EMILY. 

But I have heard that the dry roty which is so 
liable to destroy the beams of houses, is prevented 
by a current of air; and yet you said that air was 
essential to the putrid fermentation I 

MRS. B. 

True ; but it must not be in such a proportion to 
the moisture as to dissolve the latter, and this is ge- 
nerally the case when the rotting of wood is pre- 
vented or stopped by the free access of air« What 
18 commonly called dry rot, however^ is not, I be- 
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Ikvtf a true process of putrefaction. It is supposed 
to depend on a peculiar kind of vegetation^ which, 
by feeding on the wood, gradually destroys it. 

Straw and all other kinds of vegetable matter 
undergo the putrid fermentation much more rapidy 
when mixed with animal matter. Much heat is 
evolved during this process, and a variety of Tolatile 
products are disengaged, as carbonic acid and hydro- 
gen gas, the latter of which is frequently either sul- 
phurated or phosphorated. When kll these gasses 
have been evolved, the fixed products, consisting of 
carbone, salts, potash, &c, form a kind of vegetable 
earth, which makes very fine manure, as it is com- 
posed t>f those elements which form the imme£ate 
materials of plants. 

CAROLINE. 

Pray are not vegetables sometimes preserved from 
ilecomposition by petrification ? I have seen very 
curious specimens of petrified vegetables^ in which 
state they perfectly preserve their form and or- 
ganization, though in appearance they are changed 
to stone. 

MRS. B. 

That is a kind of metamorphoiis, which, now 
that you are tolerably well versed in the history of 
mineral and vegetable substances, I leave to your 
jttdgmenr t6 explain. Do you imagine that vege- 
tables can be converted into stone ? 
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EMILY. 

No certainly ; but they might perhaps be changed 
te a substance in appearance resembling stone. . 

MRS. B. 

It IS not so, however, with the substances that 
are called petrified vegetables ; for these are really 
stone, and generally of the hardest kind, con- 
sisting chiefly of silex. The case is this : wlien a 
vegetable is buried under water, or in wet earth, it 
is slowly and gradually decomposed. As each suc- 
cessive particle of the vegetable is destroyed, its 
place is supplied by a particle of siliceous earth, 
conveyed thither by the water. In the course of 
time the vegetable is entirely destroyed, but the silex 
has completely replaced it, having assumed its form 
and apparent texture, as if the vegetable itself were 
changed to stone. 

CAROLINE. 

That is very curious ! and 1 suppose that petrified 
aniniai substances are of the same nature ? 

MRS, B. 

Precisely. It is equally impossible for either ani- 
ihal or vegetable substances to be converted into 
stone. They may be reduced, as we find they are, 
by decomposition^ to their constituent elements, but 
cannot be changed to elements which do not enter 
into their composition. 

VOL. II. I 
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There are, however, circumstanceis which frc^ 
quently prevent the regular and final decomposition 
of vegetables ; as, for instance, when they are buried' 
either in the sea, or in the earth, where they can- 
not undergo the putrid fermentation for want of ain 
In these cases they are subject to a peculiar cliange, 
by which they are Converted into a new class of 
«ompounds, called bituviens, 

CAROLINE. 

These are substances I never heard of beforfc* 

MRS. B. 

You will find, however, that some of them artf 
very familiar to you. Bitumens are vegetables so 
far decomposed as to retain no organic appearance i 
but their origin is easily detected by their oily nature^ 
their combustibility, the products of their analysis, 
and the impressions of the forms of leaves, grains^ 
fibres of wood, and even of animals, which they 
frequently bear. 

They are sometimes of an oily liquid consistence^ 
as the substance called naphtha, which is a fine trans- 
parent colourless fluid, that issues out of clays in 
some parts of Persia. But more frequently they 
are solid, as nsphaltrnn^ a smooth hard brittle sub* 
stance, which easily melts, and forms, in its liquid 
state, a beautiful dark brown colour for oil painting, 
Jet^ which is of a still harder texture^ is a peculiar 
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bitumen, susceptible of so fine a polish that it is 
used for many ornamental purposes. 

Coal is also a bituminous substance, to the com- 
position of which both the mineral and animal king- 
doms seem to concur. This most useful mineral ap- 
pears to consist ichiefly of vegetable matter, mixed with 
remains of marine animals and marine salts^and oc- 
casionally containing a quantity of sulphuret of iron» 
commonly called pyrites. 

EMILY. 

It IS, I suppose, the earthy, the metallic, and th6 
saline parts of coals, that compose the cinders or 
fixed products of their combustion $ whilst the hy- 
drogen and carbone, which they derive from vege- 
tables, constitute their volatile products. 

CAROLINE. 

Pray is not cook (which I have heard is much 
used in some manufactures) also a bituminous 
substance ? 

IarS. B. 

It is a kind of fuel artificially prepared from coals. 
It consists of coals reduced to a substance analogous 
to charcoal, by the evaporation of their volatile parts, 
Coak therefore is composed of carbone, with soma 
earthy and saline ingredients. 

Succin^ ox yelUnv amber , is a bitumen which the 
ancients called dectmnt^ from whence the wor4 

I 8 
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electricity is derived, as that substance is peculiarly, 
and was once supposed to be exclusively electric. * It 
is found either deeply buried in the. bowels of the 
earthy or floating on the sea, and is supposed to be 
a resinous body which has been acted on by sul- 
phuric acid, as its anaIysis*shows it to consist of aQ 
oil and an acid. The . oil is called oil of amber ^ 
the acid the succinic, 

EMILY. 

, That oil I have sometimes used In painting, as it 
is reckoned to change l^ss thatn the other kinds of 
oils. 

MRS. B. 

The last class of vegetable substances that have 
changed their nature are fossil woody peaty and turf. 
These are composed of wood and roots of shrubs, 
that are partly decomposed by being exposed to mois- 
ture under ground, and yet, in some measure, pre- 
serve their form and organic appearance. The 
peat, or black earth of the moors, retains but few 
vestiges of the roots to which it owes its richness 
and combustibility, these substances being in the 
course of time reduced to the state of vegetable 
earth. But in tuif the roots of plants are still dis- 
cernible, and it equally answers the purpose of 
fuel. It is the combustible used by the poor in 
heathy countries, which supply it abundantly. 
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It is too late this morning to enter upon the his- 
tory of vegetation. We shall reserve this subject, 
therefore, for our next interview, when I expect 
that it will furnish us with ample matter for another 
conversation. 



13 
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CONVERSATION XIX. 



HISTORY OF VEGETATION. 



MRS. B. 

The VEGETABLE KINGDOM maybe considered 
as the link which unites the mineral and animal crea- 
tion into one common chain of beings ; for it i| 
through the means of vegetation alone that xnineral 
substances are introduced into the animal system, 
since, generally speaking, it is from vegetables that 
all animals ultimately derive thek sustenance. 

CAROLINE. 

• I do not understand that ; the human species sub- 
sists as much on animal as on vegetable food, and 
there are some carnivorous animals . that will eat 
only animal food. 

MRS. B» 

That is true ; hut you do not consider that those 
that live on animal food, derive their sustenance 
equally, though not so immediately, from vegetables. 
The meat that we eat is formed from the herbs of 
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the field, and the prey of carnivorous animals pro- 
ceeds, either directly or indirectly^ from the same 
source. It is therefore through this channel that 
the simple elements become a part of the animal 
frame. We should in vain attempt to derive nou- 
rishment from carbone, hydrogen, and oxygen, 
either in their separate state, or combined in the 
mineral kingdom ; for it is only by being united in 
the form of vegetable combination, thai they be* 
come capable of conveying nourishment. 

EMILY. 

Vegetationi th^n, seems to be the method which 
aature employs to prepare the food of tinimals ? ' 

ASRS* £• 

That 18 certainly its principal object The vege- 
table creation does not exhibit more wisdom in that 
admirable system of organization, by which it is en- 
abled to answer its own immediate ends of preser^ 
vation, nutrition, and propagation, than in its grand 
and ultimate object of forming those arrangements 
and combinations of principles, which are so well 
adapted for the nourishment of animals. 

EMILY. 

But I am very curious to know whence vegeta* 
bles obtain those principles which form their imme- 
diate materials ? 

14 
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MRS. 6. 

'This IS a point on which we are yet so much in 
the dark, that I cannot hope fully to satisfy your 
curiosity ; but what little I know on this subject, I 
will endeavour to explain to you. 

The soil, which, at first view, appears to be the 
aliment of vegetables, is found, on a closer investi- 
gation, to be only the channel through which they 
receive their nourishment ; so that it is very possible 
to rear plants without any earth or soil. 

CAROLINE. 

Of that we have an instance in the hyacinth and 
other bulbous roots, which will grow and blossom 
beautifully in glasses of water. But I confess I 
should think it would be difficult to rear trees in a 
similar manner. 

. MRS. B. 

•• No doubt it would, as it is the burying of the 
roots in the earth that supports the stem of the tree. 
But this office, together with that of affording a 
vehicle for aliment, is almost the only part which 
the soil performs in the process of vegetation; at 
least, we can discover by analysis but an extremely 
small proportion of earth in vegetable compounds. 

. CAROLINE. 

But if earths do not afford nourishment, why is 
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it necesslry to be so attentive to the preparation of 
the soil? 

In order to impart to it those qualities which 
render it a proper vehicle for the food of the plant. 
Water is the chief nourishment of vegetables ; if, 
therefore, the soil be too sandy, it will not retain* a 
quantity of water su£Bcient to supply the roots of 
the plants. If, on the contrary, it abound too 
much with day, the water will lodge in such quan- 
tities as to threaten a decomposition of the roots. 
Calcareous soils are,' upon the' whole, the most 
favourable to the growth of plants, especially as 
they contain in great abundance carbonic acid, a con- 
siderable supply of which is required for vegetation. 
Soils are, therefore^ usually improved by chalk, 
which, you may recollect, is a carbonat of lime* 

.CAROLIN£. 

' But pray, what is the use of manuring the soil ? 

aiRS* B. 

Manure consists of all kinds of substances, whe* 
ther of vegetable or animal origin, which have un- 
dergone the putrid fermentation, and are conse- 
quently decomposed, or nearly so, into their ele- 
mentary principles. Now, 1 ask you what is the 
utility of supplying the soil with these decomposed 
substances ? 

15 
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CAKOLINS* 

It 18, I suppose, ia order to furnish vegetaUes 
with the principles which enter into their composi- 
tion. For manures not only contain carbone, hjr- 
drogeuy and oxygen, but by their decomposition 
supply the soil with these principles in their do- 
mentary form. 

AiRS* B« 

Undoubtedly ; and it is for this reason that the 
finest, cxop^ are produced in fields that were for- 
merly covered with woo4s9 because their sdl is 
composed^ of a sort of vegetable earth wbioh 
abounds in those principles* 

EMILY. 

This accounts for the plentifidaess of the crops 
produced in America^ where the country was but a 
lew years since covered with wood. 

CAROLINE. 

But how is it that animal substances are reckoned 
to. produce the best manure? Does it not appear 
much more natural that the decomposed elementi 
of vegetables should be the most approjMriate to the 
formation of new vegetable ? 

MRS. B. 

The addition of a much greater proportion of 
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ttitrogen» which conttitutes die chief difference be- 
tween aniinal and vegetable inatter, renders die 
xomposiiion of die fprmer more complicated, and 
oonsequently more favourable to decomposition. 
'The use of animal substances is chiefly to give the 
first impulse to the fermentation of the vegetable 
ingredients that enter intoahe composition of ma- 
nures. The manure of a farm-yard is of that de- 
scription ; but there is scarcely any sybstance sus- 
cepcibie of undergoing the putrid fermentation that 
will not make good manure. The heat produced by 
'the fermentation of manure is another circumstance 
i^Mch is extremely favouraUe to vegetation; yet 
this hes^t Would be too great if the manure wa« laid 
on the groimd during. the height of fermentation; 
it is used in this state only for hot-beds, to produce 
^melonS} cuQumbers, and such vegetables as require 
41 very high temperature. 

CAROLINE. 

A difficulty has just occurred to me which I do 
(not. kiiow how to remove.-*-Since all organized 
•bodies are^ in the common course of nature, ultir- 
4aa(ely reduced to their elementary state, they must 
necessarily in that state enrich the soil, and afford 
food for vegetation. How is it then that agricul- 
ture, which cannot increase the quantity of those 
elements that are required to manure the earth, can 

16 
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I 

increase its produce so wondeiiUIyy as is found to 
be the case in all cultivated c6ontries ? 

MRS. B. . 

By suffering none of these principles to remain 
•inactive, and by employing them to the best advan- 
tage. This object is attained by a judicious prepa- 
ration of the soil, vrhich consists in fitting it cith^ 
-for the general purposes of vegetation, or f6^ that of 
-the particular seed which is to be sown. Thus, if 
the soil be too cold, it may be warmed by slake- 
ing lime upon it ; if too loose and sandy, it may be 
rendered more consistent and retentive of water by 
the addition of clay or loam ; if too poor, - it may 
be enriched by chalk or any kihd of calcareous 
earth. On soils thus improved, manures will act 
with double efficacy^ and if attention be paid to 
spread them on the ground at a proper season of the 
year, to mix them with the soil so that they may be 
generally diffused through it, to destroy the weeds 
Tvhlch might appropriate these nUti-itiTe principles 
■to their own use, to remove the stones which would 
impede the growth of the plant, &c. we may obtain 
a produce an hundred fold more abundant than die 
^eartb wofild spontaneously supply.^ 

EMILY. 

We have . a very striking instance of this in the 
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scanty prcxHice of uricukivatcd' commoiis,' com* 
pared to the rich crops off mekdoWs which akie 

occaMonally manured* 

.'■■■-' . ' -' 

. . CAROLINE. • 

But, Mrs. B., though experience daily proves the 

advanta^s of cuhivation, there is still a diflSdulfy 

•which I cannot ^ct over. A certain quantity df 

» elementary principles ticist in nature* which it is 

not in the power of man either to augment or dimi- 

'iiish. • Of these principles you'have taught us that 

• both the animal and vegetable creation are com- 

-poaed. • Nttjw^'the more of theni'is taken up by the 

•vegetablekingdom, the^ess,it \Hr6uId se^m, wfll t0^ 

'main for animals; and- therefore the more popu- 

4ous the earth becomes, the less it will produce, 

. •'•>■■,.-. ■ ■ ■ - 

- MRS* B. 

' Your reasoning is very plausible ; but Experience 
•every where cbritradlcfs * the inference you would 
draw from itt for we find that the animal' and ve- 
getablef kingdoms, instead* of thriving; as you would 
suppose, at each other's expence, always increase 
and multiply together. Indeed, you must allow 
that your conclusion would be valid only if every 
'particle of the several principles that could possibly 
be spared-from other purposes were employed in thfe 
animal and vegetable creattens. Now we havfc 
reason to believe that a much ^eater proportion df 
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diese principles than i; required for s«eh purposes, 
Dero»ins either in an elesDeaUir^ s^to, o( engaged 
in a less useful mode of combjnadon in.tb/e mineral 
kingdom. Possessed of such immense resources as 
the atmosphere and the iwaters afibrd us, for oxygen, 
hydrogen, aod carbone, so far from being tn danger 
of working up all our simple materials, we canntc 
suppose that we.shaU ever bring agriculture to anch 
.a degfee of perfection as to require the whole .«f 
wbat.thcsq resources could supply. 

Nature, however, in thus furnishing ns widi an 
inexhaustible stock of raw materials, leaves it in 
aome measure to the . ingenuity of man to appro- 
jpriaie them to his own purposes* But, like a kind 
parent, she stimulates him to exerdon, by setting the 
example and pointing out the way. For it is on 
the operations of nature that all the improvements 
of art are founded. The art of agriculture consists, 
therefore, in discovering the readiest method of oh* 
.taining the several principles, either from their^grand 
sources, air and water, or from the decompos^n 
of organized bodies,; and in appropriating them in 
the best manner to the purpose^. of vegetation. 

EMILY. 

But, amongst the sources of nutririve principles,! 
am surprised that you do not mention the earth 
self, as it contains abundance of coali which 
<:hiefly composed of oarbone. 
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' Yott must recollect that coak m, ia all pmba* 
bility, principally, if not eotireiy, of vegetable ongia ; 
and therefore the earth should be considered rather 
.as the vehicle through which decayed organized 
matter is gradually brought to the state of coajs, 
dian as the original source of that valuable combus- 
tiUe, Besides^ you Jknow, that though coals abound 
ia carbime, they cannot, on account of their hard-* 
ness and impenneable texture, be immediately sub- 
servient to the purposes of vegetation. 

EMILY. 

■ No; but by their combustion ^.carbonic acid is 
produced y and this entering into various combina- 
tions on the surface of the earth, may perhaps as- 
sist an promoting v^etation* 

MRS. B« 

Probably it may in some degree; but at any 
jrate the quantity of nourishment, which vegetables 
may derive from that source, can be but very trifling, 
and must entirely depend on local circumstances. 

CAROLINE. 

Perhaps the smoky atmosphere of London is the 
reason why vegetation is so forward and so rich in 
it^ vicinity i 
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"mm. s. 
I ratHer bdibve that this circtinJlstance proceeds 
from the very ample supply of manure,' assisted 
" perhaps by the -warmth and shdter which the town 

• aflbrds. -Far from attributitig any good to the 
•. smoky atmosphere df London, I confess I like to 
" ancfcipate the time -when we shall have made such 

X ..." 

•progress ih this art' of inahaging combustion that 

... , 

"every partide t)f til-bond will be" consumed, and Ae 
smoke destroyed at <\\ic riromcnt of its production. 
We may then expect, to hat-e the satisfaction of see- 
ing the atmosphere of London as clear as that of the 
country. — But to return to our subject : I hope that 
you are noiJv convinced thfeit ^e» 'shall txit easily ex- 

• pertence a deficiency of nutritive elements to fettifize 
the earth, and that, provided we are but indtistrious 
in applying them to the best advantage by improv- 
ing the art of agriculture, no limits can be assigned 
to the fruits that we 'may expect to reap from our 

labours.^^' '""'.'. 

. . CAROifiicxr* < 

• 

Yes ; I am perfectly satisfied ih that respect, and 
I can assure you that I feet already much more in- 
terested in the progress and improvement of agri- 
culture. 

1 have often thought th»t'the culture of the land 
was ixpt considered as a concern of suflScient tm* 
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portance. Man ufactuies always take the lead; and 
health and innocence are often sacrificed to the 
prospect of a more profitable employment. It has 
often grieved me to see the poor manufacturers 
crowded together in close rooms, and confined for 
the whole day to the most uniform and sedentary 
employment, instead of being engaged in that in- 
nocent and" salutary kind of labour, which nature 
seeriis to have assigned to man for the immediate 
acquirement of comfort, and for the preservation of 
his existence. I am sure that you agree with me in 
' thinking' so, Mrs. B. ? 

* * ' MRS. F. 

I am entirely of your opinion, my dear, in legard 
to the importance of agriculture ; but I am far from 
wishing to depreciate manufactures ; for as the la- 
bour of one man is sufficient to produce food for 
several, those w*hose industry is not required in til- 
lage must do' something fn return for the food that 
is provided for them. They exchange, consequent- 
ly, the accommodations for the necessaries of life. 
Thus the carpenter and the weaver lodge and clothe 
the peasant, who supplies them with their daily 
bread. The greater the stock of provisions, there- 
fore, which the husliandman produces, the greatier 
is the quantity of accommodation which the artificer 
prepares. Such are the happy effects which natu- 
rally result from civilized society. It would be 
wiser, therefore, to en<!eavoi3r to improve the situa- 
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tion of those who are engaged in manufactcres, dian 
to indulge in vain declamations on the hardships to 
which they are often exposed^ 

But we must not yet take our leave of the sub- 
ject of agriculture ; we have prepared the soil, it 
remains for us now to sow the seed. In this ope- 
ration we must be careful not to bury it too deep 
in the ground, as the access of air is absolutely 
necessary to its germination; the earth must 
therefore lie loose and li^^t over it in order that the 
air may penetrate. Hence the use of ploughing 
and digging, harrowing and raking, &c. A cer- 
tain degree of heat and mobture, such as usually 
takes place in the spring, is likewise necessary^* 

CAROLINE. 

One would imagine you were going to describe 
the decomposition of an old plant, rather than the 
formation of a new one; for you have enumerated 
all the requisites of fermentation. 

MRS. B. 

Do you forget, my dear, that the young plant de* 
rives its existence from the destruction of the seed, 
and that it is actually by the saccharine fermenta- 
tion that the latter is decomposed ? 

^ CAROLINE. 

True; I wonder that I did not nxoUect that. 
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The tempera^re and moistiire required for the gcr* 
miAalioQ of ^e seed is dien employed in prodocing 
the saccharine fermentation within it ? 

MRS. B. 

Certainly* But, in order to understand the na* 
ture of germination, you should be acquainted with 
the different parts of which the seed is composed. 
The e^rnal covering or envelope contains, besides 
die germ of the future plant, the substance which it 
to constitute its first nourishment; this substance, 
which is called the partMhjfma^ consists of fecula, 
mucilage, and oil, as we fcuraierly observed 

The seed is generally divided into two. compart- 
ments, called lobeSy or cotifkdons^ as is exem- 
plified by this bean (Plate XL Fig. 25.)«— the 
dark*coloured kind of string which divides the lobes 
is called die radide^ as it forms tlie root of the plant, 
and.it is-from a contiguous su2>stance, called /^« 
tnuloy which is enclosed, within the lobes, that the 
stem arises. The figure and size of the seed de- 
pend very much upon the cotyledons; these vary 
in number in different seedis : some have only one, 
aswheati oals, barley, and all the gnesec; some 
have three, others six. But most/setda»:aa, for in* 
stance, all the varieties of beans, have two cotyledons* 
When the seed is buried in the earth, at any tempe- 
rature above 40^, it imbibes water, which yftent 
and swells the lobes a U then abaorbtcxygevi which 
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combines with some of its carbone, and is returned 
in the form of carbonic acid. This loss of catbone 
increases the comparative proportion of hydrogen 
and oxygen in the seed, and excites the saccharine 
fermentariony by which the parenchymatous matter 
is converted into a kind of sweet emulsion. In this 
form it is carried into the radicle by vessels appro- 
priated to that purpose ; and in the mean time, the 
fermentation having caused the seed to burst, the co- 
tyledons are rent asunder, the radicle strikes into the 
ground and becomes the root of the plant, and 
hence the fermented liqnid is conveyed to the phi- 
mula, whose vessels have been previously distended 
by . the heat of the fermentation. The ^lumula 
being thus swelled, as it were, by the emulsive fluid, 
raises itself and springs up to the surface of the 
earth, bearing with it the cotyledons, which, as soon 
as they come in contact with the air, spread them- 
selves, and ane transformed iiite leaves.^-«'If we go 
into the garden, we shall- probably find some seeds 
in the state which I have described*— . 

EMILY. 

Here^atfe tome lupines thaft are just making their 
appearance above ground. ! 

Mas. B* 
We win take up several of them to observe tbeir 
dafieicait degrees of progress in vegetation. Here is 
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one that.has but recently bum its eavel<^pe-^o you. 
just the little radicle striking downwaidsi^ (Plate 
XL Fig. 26.) In this tbepiumula is nptyet visible. 
But here is another in a greater state of. forwar4*. 
ness— the pluoiula, or ;st^, has rii^ out of the 
ground, and the cotyledons are converted into s^ejl) 
leaves. (Plate XI. Fig.. 27.) 

CAROLINE. 

These leaves are very thick and clumsy, and un« 
like the other leaves, which I perceive are just be- 
ginning to appear, 

MRS. B. 

It is because they retain the remains of the pa* 
renchyma, wkh which they still continue to nourish 
the young plant, as it has not yet sufficient roots and 
strength to provide for its sustenance from the soil.—- > 
But, in this third lupine, (Plate XL Fig: 28.) the 
radicle had sunk deep into the earth, and sent out 
several shoots, each of which is furnished with a 
mouth to suck up nourishment from the soil j the 
function of the original leaves therefore, being no 
longer required, they are gradually decaying, and 
the plumula is become a regular stem, shooting 
out small branches and spreading its foliage. 

EMILY. 

There seems to be a very striking analogy between 
a seed and an egg; both require an elevation of 



tetnperatnre to be brought to life ; both at first sup- 
ply with ailment the organized being which they 
produce ; and as soon as this has attained suflScient 
strength to procure its own nourishment^ Ae egg- 
Atll breaks, whilst in the plant the seedJeaves fall 
off. 

There is certainly some resemblante between 
these processes ; and when you become acquaiifled 
with animal chemistry, ybu will frequently be struck 
with its analogy to that of the vegetable kingdom. 

As soon as the young plant feeds from the soil, it 
requires the assistance of leaves, which are the or* 
gans by which the plant throws off its super- 
abundant fluid ; this secretion is much more plentiful 
in the vegetable than in the animal creation, and 
the great extent of surface of the foliage of plants 
is admirably calculated for carrying it on in suffi- 
cient quantities. This transpired fluid consists of 
little more than water. The sap, by this process, is 
converted into a liquid of greater consistence, form- 
ing what is called the pecvdiar juice of the plant, 
which is fit to be assimilated to its several parts. 
This juice varies much in different plants ; in some 
it is green, in others red, and in many it is white 
and milky. 

EMILY. 

Vegetation, then, must be essentially injured by 
destroying the leaves of the plant ? 
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MRS. B. 

tJndoubtedly ; it not only diminishes the tran&« 
piration, but also the absorption by the roots ; for 
the quantity of sap absorbed is always in proportion 
to the qiiantity of fluid thrown ofF by transpiration. 
You see therefore the necessity that a young plant 
should unfold its leaves as soon as it begins to de* 
rive its nourishment from the soil ; and, accordingly^ 
you will find that those lupines which have drop-^ 
t>ed their seed-leaves, and are no longer fed by the 
parenchyma, have spread their foliage, in order to 
perform the office just described. 

But I should inform you that this function of 
transpiration seems to be confined to the upper sur- 
face of the leaves, whilst, on the contrary, the lower 
surface, which is more rough and uneven, and fur- 
nished with a kind of hair or down, ^is destined to 
absorb moisture, ^r such other ingredients as the 
plant derives from the atmosphere* 

As soon as a young plant makes its appearance 
above ground, light, as well as air, become neces* 
sary to its preservation. Light h essential to the 
developement of the colours and to the thriving of 
the plant. You may have often observed what a 
predilection vegetables have for the light. If you 
make any plants grow in a room, they all spread 
their leaves and extend their branches towards the 
windows* 
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CAROLINE. 

And many plantk close up their flowcrs^as soon 

as it is dark. 

eMily. 

But may not this be owing to tlic cold and damp- 
ness of the evening air ? 

MRS. B. 

That docs not appear to be the €ase; for in a 
course of curious experiments, made by Mr. Senc- 
bier, of Geneva, on plants which he reared by 
lamp light, he found that the flowers closed their 
petals whenever the lamps were extinguished. 

EMILY. 

But pray, why is air essential to vegetation; 
plants do not breathe it like animals ? 

MRS. B. 

At least not in the same manner; but they cer- 
tainly derive some principles from the atmosphere, 
and yield others to it. Indeed, it is chiefly owing 
to the action of. the atmosphere and the vegetable 
kingdom on each other, that the air continues al- 
ways fit for respiration. But you will understand 
this better when I have explained the effect of wa- 
ter on plants. 

I have said that water forms the chief nourish- 
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ment of plants ; it is the basis not only of the sap, 
but of all the vegetable juices. Water is the vehicle 
iwhich carries into the plant the various salts and other 
ingredients required for the formation and support 
of the vegetable system. Nor is this all ; great part 
of the water itself is decomposed by the organs of 
die plant ; the hydrogen becomes a constituent part 
of oily of extract, of colouring matter, &c. whilst a 
portion of the oxygen enters into the formation of 
mucilage, of fecula, of sugar, and of vegetable acids. 
But the greater, part of the oxygen", proceeding 
from the decomposition of the water^ is converted 
into a gaseous state by the caloric disengaged from 
the hydrogen during its condensation ia the forma- 
tion of the vegetable materials. In this state the 
oxygen is transpired by the leaves of plants. when 
exposed to the sun's rays. Thus you find that the 
decomposition of water, by the organs of the plant, is 
not only a means of supplying it with its chief in^ 
gredient, hydrogen, but at the same time of re-^ 
plenishing the atmosphere with oxygen, a principle 
which requires continual renovation, to make up 
for the great consuihption of it occasioned by the 
numerous oxygenations, combustions, and respira- 
tions, that ^re constantly taking place on the sur« 
face of the globe. 

EMILY. 

What a striking instance of the harmony of na- 
ture! 

VOL. 11. K 
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MRS. B. 

And how admirable the design of Provideace, 
who makes every different part of the creation Avs 
contribute to the support and renovation of each 
other ! 

But the intercourse of the vegetable and animal 
kingdoms through the medium of the atmosphere 
extends still further. Animals, in breathing, not 
only consume the oxygen of the air, but load it with 
carbonic acid, which, if accumulated in the atmo- 
sphere, woutd, in a short time, render it totally un- 
fit for respiration. Here the vegetable kingdom 
again interferes ; it attracts and decomposes the car- 
bonic acid, retains the carbone for its own purposes, 
and returns the^ oxygen for ours. This process, 
however, is only earned on during the day, and a 
contrary one seems to take place at night ; for the 
leaves then absorb oxygen and emit carbonic acid. 
The absorption of carbonic acid during the day is, 
however, far from balanced 1^ the quantity emitted 
during the night. 

CAROLINE. 

How interesting this is ! I do not know a more 
beautiful illustration of the wisdom which is dis« 
played in the laws of nature. 

MRS. B« 

Faint and imperfect as are the ideas which our 
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limited perceptions enaWe us to form of divine wis- 
dom, still they cannot fail to inspire us with awe 
and admiration. What then would be our fcdii^ 
were the complete system of nature at once dis- 
played before us ! So magnificent a scene would 
probably be too great for our limited and imperfect 
comprehension, and it is no doubt, amongst the wise 
dispensations of Providence, to veil the splendour of 
a glory with which we should be overpowered. But 
it is well suited to the nature of a ratjpnal being to 
explore, step by step, die works of the creation, to 
endeavour to connect them into harmonious ^ys- 
terns ; and, in a wor<^ to tiace, in the chain of beings 
the kindred tics and benevolent design which unit^ 
its various links, and secure its preservation. 

Let us now proceed to examine how the several 
principles which ehter into the composition of vego- 
tables are so combined by the organs of the plant as 
to be converted into vegetable matter^ 

The sap is evidently formed of water absorbed by 
the roots, and holding in solution the various prin- 
ciples which it derives from the soil. From the roots 
the sap ascends into the stem, and thence branches 
out to every extremity of the plant. Together with 
the sap circulates a certain quantity of carbonic acid, 
which is gradually disengaged from the former by 
the internal heat of the plant. 

K 2 
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EMILY. 

What ! have vegetables a peculiar heat analogous 
to animal heat ? 

MRS. B. 

It is a circumstance that has long been only sus- 
pected; but late experiments have decided the fact 
beyond a doubt. 

CAROLINE. 

But how is this heat produced in vegetables f 

MRS* B* 

" All chemical combinations, you know, occasion 
a change ef temperature, and heat or cold are pro^ 
duced according as the compound is more or less 
solid, or has more or less affinity for heat than the 
ingredients from which it is composed. Now, as 
"we know that all the principles which form the ma- 
terials* of plants, enter into them in a fluid state, and 
form many solid parts ; and also that the vegetable 
juices haye often a greater degree of consistence 
than the fluid from which they derive their origin, it 
18 rational to suppose that the chemical processes by 
which these changes are produced should generate 
heat. 

CAROLINE. 

True; but in calculating the increasing solidity 
of vegetable substances, should you not take iaio 
accqpnt, as a compensation, the oxygen gas widi 
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which vegetables supply the atmosphere, the foi- 
mation of which must consume a considerable 
proportion of their caloric ? 



MRS. B. 

This circumstance, no doubt, diminishes the 
quantity of heat that would otherwise be generated 
in the plant ; and the formation of the carbonic acid, 
which circulates along with the sap, has also a si- 
milar effect : but, on the other hand, %great part of 
this acid is decomposed, in order to supply the plant 
with carbone, which combines with the oxygen and 
hydrogen of the sap, to form mucilage, tannin, su« 
gftr, acids, &c» - 

It is then from the sap, converted by the leaves 
into a peculiar juice, that vegetables derive their 
nourishment ; in its progress through the plant, from 
the leaves to the roots, it deposits, in the several sets 
of vessels through which it passes, the materials 
required for the various secretioas, on which the 
growth or nourishment of each part depends. It 
is thus that the several juices, saccharine, oily, mu- 
cous, acid, and colouring, are formed ; as also the 
more solid parts, fecula, wpody £bre^ tannin, resins^ 
concrete salts : in a word, all the immediate mate« 
' lis of vegetables, as well as the organized parts of 

ints, which latter, besides the power of secreting 

ese ingredients £i:om the sap, for the general pur* 
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po6es of the pixnt, have also that of apfdying. them 
lo their own particular nourithmeat. 

CAROLINE. 

But of what nature arc these organs of plants 
which are endued with such woadeifiil powers? 

MRS. B. 

They are to minute, that their structure, as w^ 
as the mode in which they perform (hdc functiois, 
generally elude onr examination ; but we may coa- 
lider them as so many vessels or apparatus appro-' 
priated to perform, with the assistance of the prin- 
ciple of life, certain chemical processes, by moaoa 
«f which these regctafale compounds are generaled;- 
We may, bowever, trace die tannin, resins, gum, 
■HKilage, and some odicr vcgetaUe materials in &e 
organized arrangement of plants, in which they 
fi>rm die bark, the wood, the leaves, flowera, and 
sectis. 

The bark is composed of the epidermis, the pit^ 
nnehyma, and the cortical layers. 

The epidermis is the externa) covering of the 
pLni. It i< a thin transparent membrane, com- 
posed o( a number of slender fibres crossing ead» 
olhcr. and iomiing a kind of net-work. When of 
y nature, as in several ^)ecies of trcest 
nins of com andof rwds, it consists (rf' a thiH 
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co<tiBg of- siliceous earth, ivhich accounts for the 
strength and hardness of these long and slender 
stems. 

The parenchyma is immediately beneath the epi* 
dermis; it is that green rind which appears when 
you strip a branch of any tree or shrub of its exter- 
nal coat of bark. The parenchyma is not confined 
to the stem or branches, but extends over every part 
of the plant, without excepting the leaves and flowers. 

The conical layers are immediately in contact 
with the wood ; they abound with tannin and gallic 
acid, and consist of small vessels, through which it 
i» supposed that the peculiar juice circulates. 

Wood is composed of woody fibre, combined with 
mucilage and resin. It consists of innumerable 
small vessels, through which the sap ascends from 
the roots into the leaves, the important functions of 
which we have already noticed. 

The office of the jUmtVi ot blossovif is the pro- 
duction of the fruit and seed ; this may be con- 
sidered as the ultimate purpose of nature in the ve-« 
getabie creation. From fruits and seeds animals de- 
rive both a plentiful source of immediate nourish- 
ment, and an ample provision for the reproduction 
of the same means of subsistence. 

The seed^ which forms the last product of mature 
plants, we have already examined, as constituting 
the first rudunent of future iregetation.. 

K 4 
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These arc the principal organs of vegetablesy by 
means of which the several chemical processes, 
which are carried on during the life of the plant, 
are performed. 

EMILY. 

But why should the spontaneous process of vege- 
tation take place only at one season of the year, 
whilst a total inaction prevails during the other ? 

A^RS. B. 

Heat IS such an impoitant chemical agent, that itfr 
riFect, as such, might perhaps alone account for the 
impulse which the spring gives to vegetation* fitiCt 
in order to explain the mechaniism of that operation, 
it has been supposetl that the warmth of the spring 
dilates the vessels of plants, and produces a kind of 
. vacuum, into wliich the sap (which had remained 
in a state of inaction in the trunk during the win- 
tcr) rises : this is followed by the ascent of the sap 
contained in the roots, and room is thus made for 
fresh sap, which the roots, in their turn, pump op 
from the soil. This process goes on till the plant 
blossoms and bears fruit, which terminates its sum- 
mer career : but when the cold weather sets in, the 
fibres and vessels contract, the leaves wither, and 
are no longer able to perform their office of tran- 
spiration ; and, as this secretion stops, the roots cease 
to absorb sap from the soil. If the plant be an an- 



201 

ntial, its life then terminates ; if not, it remains in z 
state of torpid inaction during the winter ; or the 
otily internal motion that takes place is that of a 
small quantity of resinous juice, which slowly risci 
from the stem into the branches, and enlarges their 
buds during the winter. 

CAROLINE. 

Yet, in evergreens, vegetation musft continue 
thrpughout the year. 

\ '. MRS. B,^ . 

'Yes ; but in winter it goes on in a very imperfect 
mfanner, compared to the vegetation of spring and 
summer. 

We have dwelt much longer on the history of 
vegetable chemistry than I had intended; but we 
have at length, I think, brought the subject to a con- 
clusion. 

CAROLINE. 

1 rather wonder that you did not reserve the ac- 
count of the fermentations for the conclusion ; for 
the decomposition of vegetables naturally follows 
their death, and can haidly, it seems, be introduced 
with so much propriety at any other period* 

MRS. B. 

It IS difficult to determine at what point precisely 

K 5 
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it may be oiost eligible to enter on the history of 
vegetation ; every part of the subject is so closely 
connected, and forms such an uninterrupted chain, 
that it is by no means easy to divide it. Had I be* 
gun with die germination of die seed, which, at fint 
view, seems to be the most proper arrangement, I 
could not have explained the nature and fermenta- 
tion of the seed, or have described the changes which 
manure must undergo, in order to yield the vege- 
table elements. To understand the nature of ger- 
mination, it is necessary, I think, previously to de- 
compose the parent plant, in order to become ac- 
quainted with the materials required for that pur- 
pose. I hope, therefore, that, upon second con- 
sideration, you will find that the order which I 
have adopted, though apparently less correct, is in 
fact die best calculated for the elucidation of the 
suhject 
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CONVERSATION XX. 

ON THE COMPOSITION OF ANIMALS. 



MRS. B. 

W£ are now come to the last branch of chemis* 
try, which comprehends the most complicated order 
of compound beings. This is the animal creation^ 
the history of which cannot but excite the highest 
degree of curiosity and interest^ though we often 
fail in attempting to explain the laws by which it 
is governed. 

EMILY. 

But since all animals ultimately derive their nou- 
rishment from vegetables, the chemistry of this 
order of beings must consist merely in the conver* 
sion of vegetable into animal matter ? 

MRS. B. 

Very true ; but the manner in which this is ef« 
fectedy iSf in a great measure, concealed from our 
pbservation. This process b called aniTnalixatwn^ 

K6 
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CAROLIVB. 

Wax Gffndles, I suppose, contaiti no incombm* 
tible matter, since they do not require snufEng ? 

Wax is a much better combustible than tallowy 
but still not perfectly so, since it likewise contains 
some parricles that are unfit for burning; but 
"^en these gather Tomid die wide (which in a wax 
ItgfhC is compatTttiyely small), they weigfa it down 
xm one «ide, and fUl off together with the imnu 
J«rt x>f fte wtck. 

CAROLINE. 

As oils are such good combustibles, I wonder 
ihit they should itequitv so great asi tdevatton of 
temperature before they begm to bura ? 

MRS. B. 

Though fixed oils will not enter into actual com** 
bttstion below ^e temperature of about 400^, yet 
they win slowly ubsorb oxygen at the comsnnn 
tem per ature cf die stikiMphcre* Hence arises g 
Tarriety of changes m oils whkh modify their pn^ 
perties and uses in tbe^nts. 

If oil simply afbsortis, sMid combines with oxygion, 
it ^thickens and <5hatigesto a kind of wax. Tbis 
change is observed to tak^ |)4ace on the external 
jparts of certain vegetables, even during dieir life. 
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But it hajpqpens in nutny uistanccB that tbe oil loes 
not retaia all the oxygen which it attracts^ but that 
pairt of it combtnes witb» or bmtis^ tbe hydrogen of 
the oil, thus forming ^ quantity of wafier wkicb 
gradually goes off by evaporation. In this case the 
alteration of the oil con^ts not only in the addition 
of a oortain quantity of ovygen^ hut in the diminu- 
ikin of the liydrogen. These oils aye distingiiifihed 
by the name of drying oils* Linseed^ poppy, and 
QUt*oilsy are of this description. 

EMILY. 

I am ip«ell acqoaifited widi drying oris, as Icon* 
linudiy «ise ^(bem in paimting. But I do ndt vndeiw 
stand f^y -die^cqiusition of oxygen on one iiatid, 
aod a loss of hydrogen on the odier, ^houU render 
them drying? 

MRS. B. 

This, I conceive, may arise from tmo reasons ; 
either from the oxygen which is added being less 
fiiwourable to ihe state of fluidity than the Itr^dt^ogen, 
which is subtracted ; ox from this additional tpaiv 
ticy of oxygen giving rise to new camfaifiations> m 
CQusqiicncc of which dae most fldd parts of tiie 
oil are liberatfid and volatilized. 

For the purpose of painting, tlie drying quatity of 
oil is further increased by adding a quantity of oxyd 
of load do k, iiy whicii means it it mon^ rapidly 
oxygenatcdr 
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The rancidity of oils is likewise owing to their 
oxygenation. In this case a new order of attrao- 
tion take^ place, from which a peculiar acid is 
fonnedy called the sebacic acid. 

CAROLINE. 

Since the nature and composition of oil is so well 
known, pray could not oil be actually madcj by 
combining its principles ? 

MRS* B. 

That is by no means a necessary consequence ^ 
for there are inhumerable varieties of compound 
bodies which we can decompose, although we arc 
unable to reunite their ingredients. This, however^ 
is not the case widi oil, as it has very lately been 
discovered, that it is possible to form oil, by a pecu- 
liar process, from the action of oxygenated muriatic 
acid gas on hydro-carbonate. 

We now pass to the volatile or essential oils. 
These form the basis of all the vegetable perfumes, 
and are contained, more or less, in every part of 
the plant excepting the seed ; they are, at least, 
never found in that part of the seed which contains 
the embrio plant. 

EMILY. 

The smell of flowers, then, proceeds from vola- 
tile oil I 
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MJtS, B. 

Certainly ; bnt this oil is often most abundant ia 
the rind of fruits^ as in oranges, lemons, &c. from 
which it may be extracted by the slightest pressure ; - 
it is found also in the leaves of plants, and even in 
thd wood* 

CAROLINE. 

Is it not very plentiful in \the leaves of mint, and 
of thyme, and all the sweet-smelling herbs? 

JnRSk B* 

Yes, remarkably so; and in geranium leaves also, 
which have a much more powerful odour than tlie 
flowers. 

The perfume of sandal fans is an instance of its 
existence in wood. In short, all vegetable odours, or 
perfumes, are produced by the evaporation of particles 
of these volatile oils. 

EMILY. 

They are^ I suppose, very light, and of very thin 
consistence, since they are so volatile ? 

AIRS* £• 

They vary very much in this respect, some of 
them being as thick as butter, whilst others are as 
fluid as water. In order to be prepared for per- 
fumes, or essences, these oils are first properly puri- 
fied, and then either distilled with alcohol, as is the 
case with lavender water, or simply mixed with a 
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large proportion of water^ as is often done with re^ 
gard to peppermint*. Frcquentljr also, these odori- 
ferous waters are: prepared merely by soaking the 
plants in water». and distilling; The watBr theit 
tfomeS'Over impregnated widi the vdattle oih 

Such waters are frequently used ta take^ spots- o( 
grease out of doth^ or silk ; how do they pvodoce 
that effect ? 

MRS. B*> 

• By c<Mttinning' with the substance that forms these 
stains;, for volatile oils dissolve wax» tallow, speiv 
maceti, and resins; if therefore the spot proceeds* 
from any< of these substances it will remove* tt» 

CAROLIUB. 

Pray does not the powerful smelli of: oanqibor 
proceed from a volatile* oil t 

Camphor seems to be a substance of its own 
kind, remarkable by many peculiarities. But if not 
exactly of the sB<ne nature as volatile oiU it is at 
least very analogpuS' to it* It is obtained diie^i 
from the camphor tree, ai speciea of laurel which 
grow« in Cbina> and in the Indian iale%/fiom' th^ 
stem and roots of which it is extraoted. SmtU' 
quantitiea hav« also been, distilled froai tbydie^/ and 
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sage, and other aromatic plants ; and it is deposited 
in pretty large quantities by some volatile oils after 
long standing. It is extiemely volatile apd ioflam* 
mable. It is insoluble in water, but is soluble in oilS|. 
in which state, as well as in its solid form, it is fre* 
quently applied to medicinal purposes. Amongst the 
particular properties of camphor,, there is one too 
singular to be passed over in silence. If you take a 
small piece of camphor, and place it on tl)e surface, 
of a bason of pure water, it will immediately begin 
to move round and round with great rapidity ; but 
if you pour into the basoa a single drop of any 
odoriferous fluid, it will instantly put a stop to this, 
motion. You can at any time try this very simple 
experiment ; but you must not expect that I shall 
be able to account for this phenomenon, as nothing 
satisfactory has yet been advanced for its explana- 
tion. 

CAROLINE. 

It is very singular indeed; and I will certainly 
try the experiment. Pray what arc resins^ which 
you just now mentioned ? 

MRS. B. 

They are volatile oils, that have been acted on, 
and peculiarly modified, by oxygen* 

CAROLINE. 

They are^ therefore, oxygenated volatile oils ? 
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Mrs. b. 
Not exactly ; for the process does not appear to 
consist so much in the oxygenation of the oil, as io 
die combustion of a portion of its hydrogen, and a 
small portion of its carbone. For when resins arc 
artificially made by the combination of volatile oilr 
with oxygen, the vessel in which the process is per- 
formed is bedewed with water, and the air included 
within is loaded with carbonic acid. 

£MILY. 

This process must be, in some respects, similar 
to that for preparing drying oils ? 

Mrs. b. 

Yes; and it is by this operation that both of them 
acquire a greater degree of consistence. Pitch, tar^ 
and turpentine, are the most common resins ; diey 
exude from the pine and fir trees. Copal, mastic, 
and frankincense, are also of this class of vegetable 
substances. 

EMILY. 

Is it of these resins that the mastic and copal var* 
nishes, so much used in painting, are made? 

MRS. B» 

Yes. Dissolved either in oil or in alcohol, resins ' 
form varnishes. From these solutions they may be 
precipitated by water, in which they are insoluble. 
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•This I can easily 'Show you^<«»If yon wiU pour 
Sonne /water into this glass of mastic Tamisfa, it will 
oombiae widi the alcohol in which the lesin is dis- 
■olvedy and' the latter will be pcecipttalcd in the form 
of a iwhite doad*— 

£MILY. 

'tt 18 so. And yet hiMir> iS' it that pictures or draw- 
ings, varnished with this solution, may safely be 
washed with water? 

MRS* B. 

As the varnish dries, the alcohol ev^orates, and 
the dry varnish or resin which remains, not being 
solttUe in water, will not be acted on by it* 

There is a class of compound resins called ^m-> 
resinSf which are precisely what their name denotes, 
diat is to say, resins combined with mucilage. 
Myrrh and assafcetida ^re of this description. 

CAROLINE. ' 

Is It possible that a substance of so disagreeable a 
smell as assafcetida can be formed from a volatile 
oil? 

The odour of volatile oils is by no means al- 
ways grateful. Onions and garlic derive their smell 
from volatile oils, as well as roses and lavender. 

There is still another form under which volatile 

VOL. II. o 
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oils priesent tfaemsdves, which is that of balsams. 
These consist of resinous juices combined with a 
peculiar acid, caUed the benzoic acid. Balsams 
appear to have been originally volatile oils, the oxy- 
genation of which has converted one part into a 
resin, and the other part into an acid, which» com- 
bined togedier, form a balsam ; such are the balsams 
of Peru, Tolu, &c. 

We shall now take leave of the oils' and their va- 
rious modifications, and proceed to the next vege- 
table substance, which is caoutchouc. This is a white 
milky glutinous fluid, which acquires consistence, 
and blackens in drying, in .whicli state it forms the 
substance with which you are so well acquainted, 
under the name of gum-elastic. 

CAROLINE. 

I am surprised to hear that gum-elastic was ever 

white, or ever, fluid ! And from what vegetable is 

it procured ? 

. MRS. B. 

It is obtained from two or three different species 
of trees, in the East Indies, and South America, by 
making incisions in the stem. The juice is col- 
lected «s. it trickles from these incisions, and moulds 

', of clay, Jn the form of little bottles of gum^ elastic, 
are. dipped jnto it. r A layer of this juice adheres to 

<. the clay and dries^U ^v aiid several layers, are succes- 
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stvely added by repeating this till the bottle is cfl 
sufficient thickness. It is then beaten to break down 
the clay, which is easily shaken out. The natives of 
the countries where this substance i^ produced, sdmd- 
times make shoes and boots of it by a similar process, . 
and they are said to be extremely pleasant and ser- 
viceable, both' from their elasticity, arid their being 
water*pnx)£' 

The substance which comes next in our enume* 
ration of the immediate ingredients of vegetables^ 
is extractive matter. This is a term, which, in a 
general sense, may be applied to any substance ex- 
tracted from vegetables ; but it is more particularly 
understood to relate to the extractive calmiring mat'" 
ter of plants. A great variety of colours are pre* 
pared fi^om the vegetable kingdom, both for the puir<^ 
poses of painting and of dying ; all the colours 
called l<Aes are of this description.:' btit.they are 
less durable than minejal 'cotburs, for». by long ex* 
pofiure to .the. atnkifiphere^ they either darken tx t<irQ 
yellow. 

EMILY. 

I know that in p(M<iting:.the lake^ ar^ reckoned 
far less durable colours than the ochres ; butwhat i« 
the reason of it r 

The chaage yrhich t^H^ pla^^in v^get^bleco- 
toWf i§ o?wM»g dhiiefly .to ^ pxygen <^; dae atmor 

G 2 
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iq>here slowly burning their, bfdrogeii, bud'teaTing, 
4n sdnae measure, tbe blackness.!^ the csi^bone ea&- 
.posed. Sucli change cannot take piocein ochre, 
"^tch is albagether a mineral substance. 

Vegetable coloum have a stronger mSnity^tfisr 
animal tiaa for v^etaUe substancei, and this is 
supposed tto be owing to a sn«aU»<]iiaiitity of :nici9- 
gen which they contain. Thus, silk and vwa0lt0d 
will take a much finer vegetable dye than linen and 

<€OtlXMl* 

CAROUKE. 

{Dying, dien, is quite a dieraicaLpvoeess ? 

UndacristttUy. The'CondiMn'c^niitd^o:£niA'a 
^ooddye SBythat dxc colouring maher shoi^ be'pn^ 
-oipitated, or fixed, on the substance to be dyed, and 
;riiDttld'fmn> a compound not solubb^in'tbe liquidi 
to wfaidi it will probably be :e3bpased. Thus, fisr 
instance^ printed or dyed iUissiis ior'adttoiii.flmBt^be 
Me to resisttbe action of ^ouip asid.WKater,(to which 
diey must necessarily be subject in washii^ ; iand 
woollens and silks should withstand die action of 
^grease and ackh, to which they iliky accideatatly be 
ta^sed. 

" Hnt if lilMfh and cotton have tm a svffit^ieif t affinity 
ibr ci6lo«Aijig oiattet, how are AneycBtad^ to fcsicc 
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the action of washing, which they always do if they 
are well prin^? 

MRS* S« 

When the:8nbs(tance to beidjped has either no: a£» 
&wkf ton the cobiiring master, or not saffioient/ 
power to retain it, the combination ia effected, or/ 
strengthened, by the intervention of a third sub- 
stance, called a mordant^ or basis. The mordant 
must have a stroog aftnity both for the colouring 
matter and the substance to be dyed, by which means 
it causes <hem to combine and adhere together. 

CAROLINE. 

And; what are the substaoces that perforin the of* 
6m of ltii|i' recoaicijLiog the two adverse parties? 

' , MRS.B. 

Xhe r9ps^ <:^iiMnQn .raordMBi is ^ulpiiatof .-alumiAe^ 
or alutn* Oxyds of liu aod iron, in the states iofi 
CQinpQunA salit, nrelikeifvise iiaed for that putposc^... 

'' Tiannm ia another vegfetable. ingredient; of gf^eab 
inpoBtanceandie acta;. It ieiobiaaaedcliififty fcooL 
the l><u^k..df( troes^ bunitcis.iStmd) also im mittgalb^- 
atfii tnisome oihen megetkfaies.. . 

EMiLYt 

• : • IrtliiaEt : tbcc^snfastiiia^ cGmmaaiy coiled i/m^ which 
iaiBSiBi-mdu»t-U)i]«ps ^ : . 

G 3 
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MRS. B* 

Tan is the prepared bark in which the peculiar 
substance, tannin, is contained. . But the use of tan 
in hot-houses is of much less importance than in 
the operation of tmnmg^ by. mrhicfa skin is con- 
verted into> leather. 

XMILY. 

Pray, how is this operation performed ? 

MRS. B, . . : .. 

Various methods are employed for this purpose, 
which all consist in exposing skin to the action of 
tannin, or of substances containing this principle, in 
su£Bcieht quantities and disposed to yield it to the 
skin. The most usual way is to infuse coarsely 
powdered oak bark in water, and to keep the skin 
immersed in this infiision for a certain length of 
time. During this process, which is. slow and gra* 
dual, the skin is found to have increased in weight, 
and to have acquired a considerable tenacity and im* 
permeability to water. This efibct^may be much 
accelerated by usiBg strong Isatucatioiis ofi tiie tanning 
principle (which, can be extracted from bark), in- 
stead of employing the batk itself. But this qukk 
mode of preparation does not appear to make equally 
good leather. 

. Tani^n is ccntained.in a gnat variety of astrin- 
gent vegetable substances, as gaH»y the rose^tree^ and 
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ivinie ; but it is no where ^ so plentiful as in bark. 
All these substances yield it to water, from which it 
may be precipitated by a solution of isinglass, or 
glue, with which it strongly unites and forms an 
insoluble compound. Hence its valuable property 
of combining with skin (which consists chiefly 
of glue), and. of enabling it to resist th^ action x)f 
water. 

EMILY. 

Might we not see that effect by pouring a little 
melted isinglass into a glass of wine, which you say 
contains tannin i 

. MRS. B, 

Yes. I have prepared a solution of isinglass for 
that very purpose.— Do you observe the thick muddy 
precipitate ?— «That is the tannin combined with the 
isinglass. 

CAROLINE. 

This precipitate must then be of the same nature 
as leather ? 

MRS. B* ' 

It is composed of the same ingredients ; but the 
organization and texture of the skin being wanting, 
it has neither the consistence nor the tenacity of 
leather. 

CARQLINE.. 

One might suppose that men who drink large 
■quantities of red wine, stand a chance of having 

6 4f 
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the coats of their stomachs converted into leather^ 
since tannin has so strong an affinity for* skin* 

IfRS. B. 

It is not impossiUe but that the coats of dicir 
stomachs may be^ in some measure^ tanned^ or 
hardened, by the constant use of this liquor ; but 
you must remember that where a number of- odier 
chemical agents are concerned, and, above all, where 
life exists, no certain chemical inference can be 
drawn. 

I must not dismiss this subject, wil^ovt mentions 
ing a very recent discovery of Mr. Hatchett which 
relates to it. This gentleman' found that a* tob- 
ytance very similar to- tanninp possessing! all its 
leading, properties^ and^ actually capable of : tanniog 
leather, may he produced by exposing carbone» or 
any substance containing carbonaceous matter, 
whether vegetable, animal, or mineral, todie-adkion 
of nitric acid. 

CAROXIirE. 

And is not this dkcoveiy very likdy to be of great 
use to manufactures J 

MRS. B. 

That is. very doubtful, because tannin, thus artifi* 
t:ially prepared, must prcdably always be niore expen-- 
five than that which: is obtained from bark. Bur t!^ 



6dti ii e^ctiKitiety miio^y is i«%ffi»t4l OM of^'ttiose 
very rare instances of chemistry being able to iiat^ 
tate the proximate principles of organized bodies. 

. « .... 

The last of tlie vegetable materials is woody fibre i 
if is the haniest pare of plants^ • Thoehitf source 
from wlmhlM»rab8taiice.i&4eri^w)Aiifly«ivbdd, but it 
is also concainedr nore^iMr.lesSy in.evcrjc soBd part of 
the' planti It formsa. kind.^.^keleton^of/the part 
to which ]tibe)oog»y and retains, its. diape^ after all 
the other materiolt • hav«« disappear^. . It) consists 
chiefly of;carbone<umtedwith*{i.8maHpvop6rtion of 
salts and the bdiep constituents .comn^MntCk all vege* 
tables* 

EMILY. 

It is of woody fibre, then, that the common char- 
codiis niade? 

YieS'. Charcoal, as you may recollect, is ob^ 
lained from wood, by the separation of all its eva* 
porable parts* 

Before we take leave of the vegetable materials, it 
w4U he propef , at least, to enumerate fifaie* several ve- 
getable acids which we eidier have had, or may hav« 
occasion to mention. I believe I formerly told you 
that their basis, or radical, was uniformly composed 
of hydrogen and carbone, and that their difference 
consisted only in the various propprtioos of oxygen 
which Aey contained. 

o 5 
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• The foQoitiDg «r^ the mam of f^ veg^^Mp 
acids: 

# • 

The Mucous Acid^ obtained from gum, or mu- 

€ikg6; 

Suheric^.»»**$***%-**. ••••v from cork ; 
Cdnipho-riC;»*M:f;»;» from caispbor; 
Mcnzoic ..•••..vi..a*...««M frosx balsams ; • 

GaUic.^**m^.^..,. from galls, bark, &c.; 

Malic. »^.,..n*.,»,^ from ripe fruits ; 

CVVm •...••- «»..,.frx>m lemon juice; 

Oxalic .•..;...«.,....M.**- from sorrel; 
Succinic . ••• ^.-..^.^a...- from amber ; 

Tartar<m$ from tartrit of potash { 

Acetic.** .- t from vinegar. 
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They are all decomposable by heat, soluble In 
water, and turn vegetJtbleblue colours red. The 
succinic^ the tartarous^ ztii^^uc^iimsacids^vLYt 
the products of the decomposition of veg^toblesi ive 
shall, therefore, reserve their examination for a fu- 
ture period. ' ♦ . ■ 

The ox(dde acidf distilled :fr^93t H^^reli is i(b« 
highest i^rm of vegetable acidificati^; .for, if more 
oxygenic addpd to it, it loslks( its vegc^l^ jnd^ture, and 
is resolved into carbonic acid^nd water;' therefore, 
though all the pther acids n^iay .be converted intq 
the oxalic by an .addition of oxygqa, ,tlie oxalig it, 
self is not susceptible of a furifeer d^grf?^. vt o^^ 
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are the ingredients which enter into theip com* 
position i 

CAROLINE. 

Yes ; phosphat of lime, cemented by gelatine* 

MRS. B. 

During the earliest period of animal life they 
consist almost entirely of a gelatinous membrane of 
the form of the bones, but of a loose spongy tex- 
ture, the cells or cavities of vrhich are destined to 
be £lled with phosphat of lime ; it is the gradual 
acquisition of this salt which gives to the bones 
tlieir subsequent hardness and durability. Infimts 
first receive it from their mother's milk, and after- 
wards derive it from all ailimal and from most vege* 
table food, especially farinaceous substances, such as 
wheat flour, which contain it in sensible quantities. 
A portion of the phosphat, after the bones of the 
infant have been sufficiently expanded and solidified, 
is deposited in the teeth^ which consist at first of 
only a gelatinous membrane or case, fitted for the 
ceception of this salt; and which, after acquiring 
hardness within the gum, graduallyfrotrudie from it. 

CAROLINE. 

How very curious this is ; and how ingeniously 
nature has first provided for the solidification of 
such bones as are immediately wanted, and after>- 

l5 



^vngoid:^ aiiiar0QCcasMwdib)r'a»'tff8tet 
wQimds the barkxif tcees^ and laiyv iu.- ^ogst »dl( 
aperture. The lacerated vessels of die tree thsa 
discba^gtt their canteott^andfom an caBcicsciice 
which a£Fords a. defensive coveripg! for these cggk 
The insecty when come to life, first feeds on Am 
excrescence, and some time afterward eats its way 
oul, as it a^ppmrs, Srxnn. a hole which is fumed 
in all gall-nuts^ that no longer contain an* in*' 
seer. It is in hot climates only that strongly astrin* 
gent gall-nuts are found ; those which are used for 
the purpose of making ink are brought from 
^Jeppot 

EMILY. 

But axe not the oak«'appk8, which grow on the 
leaves of the oak in this country, of a simiiaraa* 

tuce? 

Mas. B. 

^ Yes; only they are an inferior species of gaUif 
containing less of the astringent principle, and there* 
fcre less applicable to useful purposes* 

CAROLIKS. 

Are the vc^getable acids never found but in their 
. pure uncombined state ? 

MRS. JB, 

By no meant; on the contrary, thof axe fre« 
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dMJs^ llow«wer^' iiq^ tn* gwmk Mt^&U^ saiciivateA 
mi&k tb»' saU&dbl* tees^ io > tliat tbe^ ^cid t^edomi*> 
iMitmy ani; iii' dli» ststCf^ th^ are cslM tfCMfb&Mf 
salts. Of this kind is the salt called cream* of' tsfl' 
tar. 

CAROLINE. 

Is not the salt of lemon, commonly used to lake 
out ink spots and stains, of this nature ? 

No ; that salt consists merely of the citric acid 
reduced to the state oPcrystals. 

CAROLINE. 

And pray how does it take out ink spots ? 

MRS. B. 

By decomposing the black precipitate, and ren*- 
dering it soluble in water. But the dispky of 
attractions by which this is performed is, I believey 
not exactly ascertained. 

Besides die vegetable materials which we have 
enumerated, a variety of other substances, common 
Co the three kingdoms, are found in vegetables, 8u<;h 
as potash, which was formerly supposed to belong 
exclusively to plants, and was» in consequence, 
called the vegetable alkali. 
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^RS. B. 

Exercise is generally beneficial to all the animai 
functions. If man is destined to labour for bis 
subsistence, the bread which he earns is scared; 
more essential to bit health and preservation thau 
the exertions by which he obtains it. Those whom 
the gifts of fortune have placed above the necessity 
of bodily labour, are compelled to take exercise in 
some mode or other, and when they cannot con- 
vert it into an amusement, they must submit to it 
as a ta$k, or their health will soon experience the 
effects of their indolence. 

EMILY. 

That will never be my case : for exercise, unless 
it becomes fatigue, always gives me pleasure ; and, 
so far from being a task, is to me a source of daily 
enjoyment. I often think what a blessing it is, that 
exercise, which is so conducive to health, should be 
so delightful ; whilst fatigue, which is rather hurt* 
fill, instead of pleasure, occasions painful sensations. 
So that fatigue^ no doubt, was intended to mo- 
derate our bodily exertions, as satiety puts a limit to 
our appetites ? 

MRS* B. 

Certainly .—^But let us not deviate too far from our 
subject.— The bones are connected together by liga* 
ments, which consist of a white thick £»cible sub* 
stance^ adhering to their extreipitie-*' 50 ?»f to o«-rpre 
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tbe joints firmly » though ivtthout impeding their 
motion. And the joints are moreover covered by a 
solid, smooth, elastic, white substance, called carti* 
lage^ the use of i;rhich is to allow, by its smooth* 
ness and elasticity, the bones to slide easily over 
cbe another, so that the joints may perform their 
office without difficulty or detriment. 

Over the bones the muscles are placed ; they 
consist of bundles of fibres which terminate in a 
kind of string, or ligament, by which they ftre fas- 
tened to the bones. The muscles are fhe organs of 
motion ; by their power of dilatation and contract 
tion they put into action the bones, which perform 
the office of levers, and give to the body its external 
form. The muscles are of various degrees of strength 
or consistence in different species of animals. The 
mammiferous tribe, or those that suckle their young, 
seem in this respect to occupy an intermediate place 
between birds and cold-blooded animals, such as rep- 
tiles and fishes. 

EMILY. 

Thq different degrees of firmness and solidity* in 
the muscles of these several species of animals pro* 
ceed, I imagine, from the difierent nature of the 
food on which they subsist i 

MRS. B. 

. No ; that is not supposed to be the case : for the 
human species, who are of the mammiferous tribe. 



enables diem to resist die common laws of chemical 
attraction. 

The composition of vegetables being more com* 
plicated tl^^Qi tbat pl^ f]^ii^cals»' di^.fos^ier more 
readily undergo chemical changes than tlie latter ; 

^tbis.g^eaipr.^he^^apqt^of,^^ th^rrm99^ 

easily is the equilibrium destroyed, and a new order 
of combinations introduced. 
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EMILY. 

I am surprised that' vegetables should be so easily 
steGepiiblieiofide(;0m|iosiciofi ^ftdrditnpixBscvattftoa of 
Ao*/vegeiaiUb^kiQgdaB>i ]s> oeataiiify tiri mam iaH^poaw 
taat tiian ■ that of minorab.; 

* « 

V You mii6txx>i»ider^ on tktt othei^ hand. How much 
moie easily the ftwnier- i^- renewed thaatb^ iMtptk 
The decomposition of the vegetable t^kes* place only 
after the death of die plant, which, in the common 
course of nature, happens when it has yielded 
fnsk and seeds to propagate its species. 1^ instead 
ef tfaua finishing its career, eivch plant was to iietaja 
its form and vegetable state, it would become aii 
jMelesa burdiai to the earth, and ita inhabitanta* 
Whenv^etables .tfaerrfore cease to be productive^ 
diey cease to live, and Nature then begins her piio* 
ens of decomposidoa, in order to fesolve tbta» Hito 
dieir chemical ccaistituents^ hydrogen^ carbone, and 
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oxygea; cho$a simple' and priixulive. iogrediciits», 
which she keeps m store for all her combinadoiu. 

EMII^Y. 

Bttt since ao system of combination, caa bede^ 
siroj^ X except by; die establishment, of anodier or* 
dtt'' of atiractio<iSy bow can the decomposition of. 
Vegetables refkiG^ them to. their simple .elcmenisi 

MRS. B* 

-* Itris » Yerf lofl^processy.dnriag. wbidia variety 
of new combinations . are snccessif ely cstuMi d beA 
and sococteiiwly destroyed); hot, m each of these 
changes^ tiie ingredients of- ivgetabk-matter tend • ta 
unite in. a movn; simplei* aider of compWKnds^. titt 
ibey.afQ arlength^bron^tto their, ekmeocaiy staler 
dri.ati least, tditUetrtnost- stcnple *aidcr ^ cootibiliar 
tieam Thut^yosuwiU find, that vf^MaUeS'^c^ in 
the end* almost entirely redlwed to I water and carw 
h0flic:acid ; the hydrogen* and carbone dividing tba 
adeygen'betwcen.thenai. sa as to form with it tbeie 
i<«»e snfastBnoesi But. the- vaciety of imermedtato 
eombinations that take place during the. seirend 
stages of the decomposition of vegetables, present 
ns with a new set of compounds, well worthy of 
ota" examihaiiom 

CJU10I4N«** 

How is it possible that vegetables^ wiiiln pudfy^ 
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ingi should produce any thing worthy of observa- 
tion? 

MRS. B. 

They are susceptible of undergoing certain changes 
before they arrive at the state of putrefactioti, which 
is the final term of decomposition; and of Ats6 
changes we avail ourselves for particular and ina-' 
portant purposes* But, in order to make you uii- 
derstand this subject, which is of considerable im- 
portance, I must explain it more in detail. 

The decomposition of vegetables is always at- 
tenled by a vioieHt iittemal motion, produced by the 
^sutlion^ of one order of particles, and the combi« 
nation of another. This is called ferment atiok* 
There are several periods at which fermentation 
stops, so that a state of rest appears to be restored, 
atid the new order of c^mpomids fidrly establidied« 
^ut, unleiss means be used to secure these new com* 
binations in their actual state, their duration will be 
but transient, and a new fermentation will take 
place, by which the compound last formed will be 
destroyed ; and another, and less complex order, will 
succeed. 

EMXLY. 

* • ^ 

The fermentation, then, appears to be only the 
luccessive steps by whidi a vegetable descends to its 
final dissohidom 
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AS ]jLS« £• 

Precisely so. Your definition is perfectly cor- 
rect. 

CAROLINE. 

And how many fermentations, or new arrange- 
ments, does a vegetable undergo before it is reduced 
to its simple ingredients ? 

MBS. B. 

Chemists do not exactly agree in this point ; but 
there are, I think, four distinct fermentatipns, or 
periods, ait which the decomposition of vegetable. 
oMtter stops and chains its course. But every 
kind of vegetable matter is not equally susceptible 
of undergoing all these fermentations. 

There are likewise several circumstances required 
to produce- fermentation* Water and a certain de- 
gree of heat are both essential to this process^ 10 
order to separate the particles, and thus weaken their 
force of cohesion, that the new chemical affinities 
may be brought into action* 

CAROLINE. 

In frozen climates, then, how can the spontaneoui 
decomposition of vegetables take place ? 

MRS. B. 

It certainly pmnot; and,, accordiogly^ we &iA 
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scarcely any vestiges of^vogotation where a constant 
frost prevaiis^^ 

CAROLINE. 

One would imagine that, onr the contrary, such 
spotSRWOuU fac covered witll^. vegetables ; for,.sijice 
ifaey cannot be: docoaiposcd^ their number nuittalr 
ways increase. 

MRS. B. 

But, my dear, heat and water are quite as essen- 
tbi todie formationof vegetables as they are to their 
decompomtioQi. Besides, it is from the dead vege*- 
tables, reduced. to their ^dbmentacy.principlcs, diat 
the rismg generation- is sof^ilied with., sustenances 
No]^uii^p^t^ therefoie,.can grow unless its pne« 
decessors contribute botls to itstfbrmslnon vni.mpn 
porti;, and these not: only.' furnish the sesdj fnom 
wUeli the' new* plam springs^ but Ifbswise the food 
by i«4fichit U nourished* 

CAitOZ.INfi«< 

Under the torrid zone, therefore, where water h 
never frozen, and the heat is very great, both the 
processes of vegetation and of fermentation must, I 
suppose, to 6!X!tremeI]rrapidi^^ 

MRS. B. 

Not SO much as you imagine ; for in such cli- 
Mtes^ greatgpart'of tbe^wftter which 19 rdquidtelbr 
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•nfee«e proeems is mmn a«ri(bmi tt^H% vrhi^ » 
"Scarcfely more 'conducive cither ro the growth o(r 
fccmation of vt^getables than that of ice. In^thotfc 

'fallittidesy therefore, it is only in-low ilaiiip situations, 
sheltered by woods from thesun^s rays, that the smallet 
tribes of vegetables can grow and thrive- during the 
dry season, as dead vegetables seldom retain water 
enough to produce fermentation, but are, on the 
eetttrary, -soon thi^ up by the^hcat <>f the sun, 

-^irtiich' enables* them to resist that process ; ' so that it 

'i«>noe till the ^faH of the atktumaal rains (which aiti 
very violent in such climates), that spontaneons' fer- 
mentation can take place. 

The several fermentations derive their names from 

nriieir principal j»roduct». The fim is ealled the «ac- 
dmrimt ftrmmtation^ * because itt yr«diict i« tugw. 

CAROLINE. 

But aogar, you have told us, . isfoimd ia all vege- 
tables ; it oaiiiiot» thevelbre, be die prodactiof their 
deeoiQpasition. 

. It 18 true that thta fermentation is not confined ro 
die decomposition of vegetaMes, as it continually 
takes place during tlieir life ; and indeed this ciiw 
cumstance has, till lately, prevented it from being 
considered as one of the fermentations. But the 
propiess appeals so analogous to the other fermenta- 
tionsi and the ionnation of sogar^ whether In Ihring 
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or dead vegetable tpattei:, is so evide^dy a new com- 
poutidy proceeding from the destruction of the pre- 
.vious order of combinations, and essential to the 
subsequent fermentations, that it is now esteemed clie 
first step, or necessary preliminary/to decompositioa* 
if not an actual commencement of that process. 

CAROLINE. 

I r^oUect your hinting to us that sugar was sup- 
posed not to be secreted from the sap, in the same 
manner as mucilage, fecula^ oil, and the other in- 
gredients of vegetables* 

MRS. B. 

It is rather from these materials, than from the 
sap itself, that sugiir is formed ; and it is developed 
at particular periods, as you may observe in fruits, 
which become sweet in ripening, sometimes even 
after they have been gathered. Life, therefore, is 
not essential to the formation of sugar, whilst, on the 
contrary, mucilage^ fecula, and the odier vegetable 
materials that are secreted from the sap by appro- 
{>riate organs, whose powers immediately depeai on 
the vital principle^ cannot be produced but. during 
4ho existetace of that principle. > 



The ripening of fruits is, 'then, their firoitstqpto 
destrucdon,a&WeU attfaefir last towaitdsiiiet^tiDn? ' 
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MRS. B. 

V 

£xactly . <*— The sacchari ae fermentation fre* 
quently takes place also during the cooking of ve- 
getablesi* This is the case with parsnips, carrots, 
potatoes, &c. in which sweetness is developed by 
heat and moisture ; and we know that if we carried 
the process a little further, a more complete decom- 
position would ensue. The same process takes 
place also in seeds previous to their sprouting. 

CAROLIN£. 

How do you reconcile this to your theory, Mrs, 
B. ? Can you suppose that a decomposition is the 
necessary precursor of life ? 

« 

MRS. B« 

, That is indeed the case. The materials of the 
seed must be decomposed, and the seed disorganized, 
before a plant can sprout from it. Seeds, besides 
the embrio plant, contain (as we have already ob- 
served) fecula, oil, and a little mucilage. These 
substances are destined for the nourishment of the 
future plant ; but they must undergo some change 
before they can be fit for this function. The seeds, 
when buried in the earth, , witli a certain degree of 
moisture and of temperature, absorb water, which 
dilates them, separates their particles, and intro- 
duces a new order of attractions, of which sugar is 
the product. The substance of the seed is thus sof- 
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tened, sweetened, and' ccod vetted into a sort of white 
milky pulp, fit for the DouriduACdt of the nnbrio 

plant. 

The saccharhie fermentation of seeds is artif- 
icially produced, for the purpose of ifeldkiug malU 
by the following process:— A quantity 6( barley ik 
first soaked in water for two or three days ; Hie 
water being afterwards drained off, idie grain heafii 
spontaneously, swdls, bursts, sweetens, shows a did* 
position to germinate^ and would actually sprout, if 
the process was not stopped by putting it into a kiln» 
where it is well dried, at a gentle heat. In this state 
it is crisp and friable, and constitutes the substance 
called malti which is the principal ingredient of 
beer. 

'But Thopeyou will tell us how maltis made into 
beer? 

If RS. B. 

Certainly; but I mosftrst explain to you &e 
nature of the second fermentation, which is essential • 
to that operation. This is called the vinous fer- 

mtntatioriy because its product is wint. ' 

I 

I 

BMILY. 

How very diflerent the decomposition of vegfr- i 
tables is from what I had imagined. The products ' 
of their disorganization appear almost superior to i 
those which they yield during their State Of lift and ' 
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perfection. From a decayed seed we arc supplied 
both widi sugar and wine. 



Mas. B. 

And do you not, at ^ same time, admire the 
beautifid economy of Nature, which, whether she 
cteates, or whether she destroys, directs all her ope- 
xatioos to some useful and bene^ent purpose ? It 
appears that the saccharine fermentation is essential^ 
as a previous step, to the vinous fermentation ; so 
that if sugar be not developed during the life of the 
plane, the saccharine fermentation must be artifi- 
cially produced before the vinous fermentation can 
take place. This is the case whh barley, which 
does not yield any sugar until it is made into 
mak; and it is in that state only that it is sus^ 
ceptiUe of undergoing the vinous fermentation by 
which it is converted into beer. 

4 

.CAROLINE. 

Bot if the product of the vinous fermentation is 
sdways wine, beer cannot have undergone that prow 
; for beer is certainly not wine. 



Mas. B. 

'GhemicaHy speaking, beer may be considered as 
Ait wine o£ grain. For it is the ^oduct of the fer- 
menta tion of mak, just as wine is that of the fer- 
snenttttion of grapes, or other fruits. 

vol. II. H 
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The consequence of the vinous fermentatioa is 
the decomposition of the saccharine matter, and the 
formation of a spirituous liquor from the consticuents 
of the sugar. But, in order to promote this fermen- 
.tation, not only water and a certain <]egree of heat 
are necessary, but also some other vegetable ingre- 
dients, besides the sugar, as fecula, mucilage, acids, 
salts, extractive matter, &c. all of which seem lo 
contribute to this process* 

EMILY. 

It is, perhaps, for this reason that wine is not <>b> 
tained from the fermentation of pure sugar ; but that 
fruits are chosen for that purpose, as they contain 
not only sugar, but likewise the other vegetable in- 
gredients which are requisite to promote die vinous 
fermentation. 

MRS. B. 

Certainly. And you must observe also, that the 
relative quantity of sugar is not the only circum- 
stance to be considered in the choice of vegetable 
juices for the formation of wine; otherwise the 
sugar-cane would be best adapted for tliat purpose 
It is- rather the manner and proportion in which the 
sugar is mixed with other vegetable ingredients that 
influences tlie production and qualities of wine. 
And it is found that the juice .of the grape not only 
yields the most considerable proportion of winet but 
that it likewise affords it of the most grateful flavour. 
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EMILY. 

I have seen a vintage in Switzerland, and I do 
not recollect di.at heat was applied, or water added, 
to produce the fermentation of the grapes. 

MRS. B. 

The common temperature of the atmosphere, 
in the cellars in which the juice of the grape is fer- 
mented, is sufficiently warm for this purpose ; and, 
as thejyice contains an ample supply of water, 
there is no occasion for any addition ^f it. But 
ivhen fermentation is produced in dry malt, a quan- 
tity of water must necessarily be added. 



EMILY, 

fiut what are precisely the changes that happen 
during the vinous fermentation ? 

MRS. B. 

^The sugar is decomposed, and its constituents are 
recorabined into two new substances ; the one a pe- 
culiar liquid substance, called alcohol^ or spirit of 
wine; the other, carbonic acid gas. Wine there- 
fore, in a general point of view, may be considered 
as a liquid of which alcohol constitutes the essential 
part; And the varieties of strength and flavour of 
the different kin^s of wine are to be attributed to 
the dtflerent qualities of the fruits from which thcv 

H 2 
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are obtained^ independently of the sugar, without 
which no wine can be produced.. 

CAROLINE. 

I am astonished to hear that so powerful a liquid 
as spirit of wine should be obtained from so mild a 
substance as sugar. 

MRS. B. 

Can you tell me in what the principal diiFeFence 
consists between alcohol and sugar ? 

CAROLINE. 

Let me reflect Sugar consists of carbone, 

hydrogen, and oxygen. If carboni acid be sub- 
tracted from it, during the formation of alcohol, the 
latter will contain less carbone and oxygen tiian 
sugar does ; therefore hydrogen must be the prevail- 
ing principle of alcohol. 

MRS. B. 

It is exactly so. And this very large proportion 
of hydrogen accounts for the lightness and cofBr 
bustible property of alcohol^ and of spiritSi in 
general, alPof which consist of alcohol variously 
modified* 

EMILY. 

And can sugar be recomposed from the combiaa* 
tion of alcohol and carbonic acid ? 
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MRS. B. 

Chemists have never been able to succeed in ef- 
fecting this; but from analogy, I should suppose 
such a recomposittoi^ possible. Let us how ob* 
serve more particularly the phenomena tlia^ take 
place during the vinous fermentation. At the com- 
mencement of this process, heat is evolved, and the 
liquor swells considerably from the formatioi^ of th^ 
carbonic acid, which is disengaged in such prodi* 
gious quantities as to be often very prejudicial to the 
vintagers. If the fermentation be stopped by putting 
the liquor into barrels, before the whole of the car- 
bonic acid is evolved, the wine is brisk, like Cham* 
pagne, from the carbonic acid imprisoned in it, and 
it tastes sweet, like cyder, from the sugar not being 
completely decomposed. 

EMILY. 

But I do not understand why beat should be 
evolved during this operation. For, as there is a 
considerable formation of gas, in which a proportion- 
able quantity of heat must become insensible, I 
should have imagined that cold, mther than heat, 
\rould havQ been produced. 

MRS* B. 

It appears so ^n jErst considemtion ; but you must 
recoHect that fermentation is a complicated chemical 
process ; and that, during the decompositions and re- 
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compoddons attendiiig it, z quantity of chemical 
beat may be diaei^gedy sufficient both to develope 
die gat, and to effect an increase of temperatmt. 
When Ae fiamentation is con^eted, the liquid 
coob and subsides, die eflfenrescence ceases, and die 
thick, sweet, sticky joice of the fruit is concerted 
into a clear, transparent spirituous liquor called 
wine. 

£MILT. 

How much I regret not having been acquainted 
widi the nature of the vinous fermentation, when I 
had an opportunity of seeing the process ! 

MRS. B. 

You have am easy method of satisfying yourself 
in that respect by observing the process of brewings 
which, in every essential circumstance, is similar to 
that of making wine, and is really a very curious 
chemical operation. 

Although I cannot perform the experiment of 
snaking wine, it will Jbe easy to show you die 
mode of analyzing it. This is done by dtstillatioiu 
When wine of any kind is submitted to this opera- 
tion, it is found to contain brandy, water, tartar, 
extractive colouring matter, and some vegetable 
acids. I have put a little port wine into this glass 
alembic (Plate X. Fig. 23.)9 &od on placing 
the lamp under it, you will soon $ee these products. 
successively come over— 



151 

EMILY. 

But you do not mention alcohol amongst the 
products of the distillation of wine ; and yet that 
is its most essential ingredient ? 

MRS. B. 

The alcohol is contained in the brandy which is 
now coming over, and dropping from the stilL 
Brandy is nothing more than a mixture of alcohol 
and water; and in order to obtain the alcohol pure, 
Mre must again distil it from brandy. 

CAROLINE. 

I have just taken a drop on my finger ; it tastes 
like strong brandy, but it is without colour, whilst' 
brandy is of a deep yeUiow. 

h is not so naturally ; in its pure state brandy is 
colourless, and it obtains the yellow tint you ob- 
flfrve, by extracting the colouring matter from the 
new oaken casks in which it is kept. But if it does 
not acquire the usual tinge in tliis way, it is the 
custom to colour the brandy used in this country 
artificially, in order to give it the appearance of 
haying been long kept. 

CAROLINE. 

9 

And is rum also distilled fix>m wine ? 

H4 
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MRS. B. 

By no means ; it is ilistilled irom the 8ogar-caiie» 
a plant which contains so great a quantity of sugar, 
that it yields more alcohol than almost any other 
vegetable. Previous to the distillation of the spirit, 
the sugar-cane is made to undergo the vinous fer* 
mentation, which the other ingredients of the plant 
are just sufficient to promote. 

The spirituous liquor called arack is in a similar 
manner distilled from the product of the itiiio9 
fermentation of rice* 

EMILY. 

sBut rice has no sweetness; does it eomsiB aiiy 

sugar i 

MRS. B. 

Like barley and most other seeds, it is insipid un- 
til it has undergone the saccharine fermentation ; 
and this, you must recollect, is always a previous 
step to the vinous fermentation in those v cget abhs > 
in, which sugar is not already formed. Brandy majr 
in the same manner bQ obtained from mak* 



CAROLINE. 

You mean from beer, I suppose; for the mak 
must have previously undergone the vinoaa fcnaea* 

tatiom 

MR&B. 

Beer is not precisely the prodoctof liie vinous 
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fennbatatioa of malt. Fi^r k&ps affe a necessary^ 
ittgrtdimt for the fbraiadon of that liquor ; whilst 
brandy b diitiHsd from, pure fdixicntri ibalt Sufi 
brandy might, no doubt, be distilled from beer as 
M^ell as from any other liquor that has undergone 
the vinous fernMntatbii; for. since the basis of 
brandy is alcohol, it may be obtained from any li- 
quid that contains that spiritttoiis substance. 

Asid priyi from wliat vQgpeaUb k tke favourite 
spirit of the lo«rer onkrs of people, gin$ ^auM^Q^ t 

Hm spirit (which is the sama in all formentlod 
liquors) may be obuined ftom any kind of grain T 
bat the peculiar flavour yfihkh distingUiAed gin* if 
that of juniper berries, which ar(^ distilled tagcdbnr 
with the grain-*- 

I think the brandy contained in the wine which 
we aie 4wtilling, muslv ky thi» timc^ be all tome 
ovfts* Y«i»MMtaMa die liquidl that is ncnw droppiaj 
from the alembic*— 

CAROLINE. 

It is perfectly insipid, lik6 trater. 

'" . • - • 

It is wsMff PihiQlh fti I war ctlli&g yMt ii the 
second product of vriM, usuk €<mu o?«t 9£mt all 

H 5 
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the spirit, vdxich is the lightest part, is distilled.— » 
The tartar and extractive colouring matter we shall 
find in a sdid fbnn at the bottom of the alembic, j 

SlflLY. 

They look very like the lees o£ wine. 

And in many respects they are of a similar na-- 
ture : for lees of wine consist chiefly of tartrit of 
potash) a salt which exists in the juice of the grapc^ 
and in many other vegetables, zxA la developed only 
by the vinous fermentation. During this operatioa 
it is precipitated, and deposits itself on the internal 
surface of the cask in which the wine is contained. 
It is. much used in medicine under the name of 
cream of tartar^ and it is firom this salt that tbfr 
taitarous acid is.obtained. 

CAROLINE. 

•. * ♦ 

. But the medicioal cream of tartar is. in appi;ar--' 

ance quite difiei-ent from these du:k«CQloui«d dn^§«^ 

it is perfectly colourless. 

Mas. 3« 

Because it consists of the pure Saks oidy, in if^ 
cry#taAized form ; whikt in the instance before ^ 
it 19 mixed with the deep-coloured wtiaetpie jqng^ 
terj»Miodif»- foreign ingnodienK. 
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emily: 

Pray cannot we now obtain pure alcohol from 
the brandy which we have distilled ? 

MRS* B* 

We might ; but the process would be tedious : for 
in order to obtain alcohol perfectly free from water, 
it 18 necessary to disttl, or, as the distillers call it, 
rectify it several times. You must therefore allow 
me to produce a bottle of alcohol that has been 
thus purified. This is a yery important ingredient, 
which has many striking properties, besides its form* 
ittg the basis of all spirituous liquors. 

EMILY. 

It is alcohol, I suppose, that produces intoxica* 
cion? 

Certainly; but the stimulus and momentary 
energy it gives to the system, and the intoxication 
it occasions when taken in excess, are circum* 
stances not yet accounted for. 

CAROLINE.. 

i thought that it produced* these effects by in* 
Cfeasing die rapidity of the' circuladon of the blood ; 
for drinking wine or spirits^ I have heard, always 
^pitkens the pulse. 

M6 



npcrabiliidhMMe mf iiydnogbi kvA c 
- ffe W» tbte) is ^ «8eailBdf 



By RESPIRATION. Thxs is one of the grand 
mysteries which modern chemistry has disclosed. 
WIfett ilve veM^ tfeydt^iera the ieft veittiieie of 
the heart, it contracts byiflfliiMular -power, «Dd 
throws the hlood through a large vessel into tli^ 
lungs, which are cofitigaons, and through which it 
eirctufcuea kj mfltiems of Mifftll mmificMem. Here 
it comes in contact with lfeie#k' which we toeatbe* 
The action of the air or the blood in the lungs is, 
indeed, concealed froiH o'Or immediate observation ; 
bvt we aa( Mt to ioiUBk^ tolerab)y iKrcnnite jo^g-^ 
tent of it #om tbe chaises which k ^eidciB ao* 
Qtdy in tbe Uwd^ bm. idw^ ^M nhe «ir «xpiMd» 

Tkii air h §cfmA to t^omatn ^% <^ niivdgeii iii«- 
spired, but tp have k«t p^tt df its oxygen, •and M 
have acquired a portion of watery vapour. Hence 
it is inferred, that wbcnthe air comes in contact .with 
the venrasiiioodlntheiongs, tbe oicy|^eft ttttrscte 
from it the superabundant quantity of hydrogen and 
carbone with which it has impregnated itself durii^ 
the circv^tion ; -and that ode f^art 'Of 'tbttt ^xyf^ea 
ennloiitt with tbe hydrogen, ^n the form of ^wmcery 



167 

KMItYi. 

. We have seen it dissolve copal and mastic ta 
form varnishes ; and dies* rtsms are certainly not 
sottiUe in water, since water precipitate^ tb^n 
from dieir solution in alcohol. 

MRS. B. 

- I am happy to find that you recolkct these ciicmiH: 
fUmces so well. The same experiment affords also 
an instance of another property of alcohol^ iis teflb* 
dency to unite with water $ fbr the resin is precipi- 
tated in consequence of losing the alcobol^ which 
abandons it from its Reference for water* We do 
not, however, consider the union of alcohol and^ 
water, as the effect of chemical combination^ but 
rather as a simple solution, similar to that of sbl- 
pburic acid ^nd water ; it is attended alao^ as joa 
may recollect, with the same peculiar ciicmnstance 
of a disengagement of heat and conseqvent dmumt* 
tion of bulk, which we have supposed to be pto^ 
duccd by a mechanical penetratioA of parttcies bf 
which latent heat is forced out. 

Alcohol unites thus readily not only with resins 
and with water, but with tib and balsams ; these 
ceflBpcMinds fovm die extensive class of elixirs, 
tinctures, quintessences, ice. 

I suppose diat alcohol must be UgUy cQinbus>» 
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tahltf smce it contains so hrge a proportiotr of hy-- 
dpogen^ 

MES. B. 

Extremely so ; and it will bum at a very mode- 
rate temperature. ^ 

CAROLINE^ 

I have often, seen both* Bi-andy and spirit' of wine 
burnt ; they produce a great deal of flame, but not 
a proportional quantity of heat, and no smoke 
whatever. 

M:BS. B. 

The last circumstance arises from their combust 
tion being complete; and the disproportion between 
die flame and heat shows you that these are by no 
means synonymous.. 

The great quantity of fl^ame- proceeds^ from- the 
combustion of the hydrogen* to which, you know; 
that manner of burning is pequliar.— Have you not 
remarked also that brandy and alcohol will bura- 
without a wick?—- They take fire at so low a tem-> 
peraturC). that this assistance is hot required to ootb-^ 
centrate the heat and volatilize the fluid.. 

CAROLINA. 

I have sometimes seen brandy burnt by meiely* 
heating it in a spoon. 

MRS. B. 

Tlie rapidity of the combustion of alcohol may» 
howei^r, be prodigiously increased by first vola-^ 
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tilizing it. An ingenious iastroment has been con- 
structed on this principle to answer the p«rp<»se*of 
a blow^pipcy which may be used for meking glass" 
or other chemical purposes* It consists of a small 
metallic vessel (Plate X. Fig. 24. p* 150.), of 
a spherical shape, which contains the alcohol, and 
is heated by the lamp beneath it ; as soon as the 
alcphol is volatilized^ it passes dirough the spout of 
the vessel, and issues just above the wick of the 
lamp, which immediately sets fi/e to the stream of 
vapour, as I shall show you— 

With what amazing violence it bums I The 
flame of alcohol, in the state of vapour, is, I fancy, 
much hotter than whea die spirit is merely burnt in» 
a spooa? 

MRS. B. 

. Yes ; because in this way die corabustioa goes 
oninuch quicker, and, of course, die heat, is pro- 
portionally increased.— Observe its effect on this 
small glass tube, the middle of which I present to the* 
extremity of the flame, where tiie heat is greatest* 

CAROLIK£» 

The {^ass, in that spot, is become red hott and 
bends from its own weight. 



If ti. B« 

I iwve now drwvm it aBUadnv Mcl wi going ta 
bkiw a ImU at one of dio heated endi ; ba| I must 
previously clote k mp^ and flatten k wkb this little 
metallk: kistnunent^ otherwiie the breath wooU pMO 
dirou^ the tube wkbout dilating any part of jt.«*i* 
Novi^» Carolioe, ^wilL you blow stron^y iftta tho 
tube wUlit tht obiid end «» red hoc* 

You blowed too hzri \ for the bell ftuddBidy fihie^ 
to a great size, and thea burst in pieces. 

* " f 

ft * 

You will be more ofepert another time; but % 
mu^t eaiitkm joo^ sho«dd you ever use diis Mo w^pipe^ 
to be very careful that the combustion of the aleo* 
hoi does not go on with too great violence, for J - 
have seen the flame sometimes dart out with sucllb 
§orct o to reach the oppoBiiB wall of the rooitt^ and 
set die patnt on fire. There Js^ however^ no dangefi . 
of the vessel bunting, as it i» prnvidcd vsith a eafety^ 
tdhe^ isdiioh afEbidsi an addkioaal vedU; for the vapow 
of akflkol when required. . . 

The products of the combustion of alcohol coq^ 
sist in a great proportion of water, and a small 
^oantity. of carbonic acid There is no ttnoke. or 
fixed remains whatever.<-^uw do yon deomM fili 
that, Emily? 
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EMILY. 

I suppose that the oxygen which the alcohol af>- 
sorbs in burning, converts its hydrogen into water, 
and its carbone into carbonic acid gas ; and thus it 
is completely consumed. 

MRS. B. 

Very well*— -J?/A^r, the lightest of all fluids, and 
^with which you are well acquainted, is obtained 
from alcohol, of which it forms the lightest and 
most volatile part. 

EMILY. 

Edier, then^ is to alcohol, what alcohol is to 
brandy? 

MRS. B. 

No: there is an essential dLfierence. la ordor 
to obtain alcoliol from brandy, you need only de- 
prive the latter of its water ; but for the formation 
of ether, the alcohol must be decomposed, and one 
jof its constituents partly subtracted. I leave you ta 
guess which of them it is-*-» 

EMILY. 

It cannot be hydrogen, as ether is more volatile 
than alcohol, and hydrogen is the lightest of aU its 
ingredients : nor do I suppose that it can be oxy- 
gen, as alcohol contains so small a proportion of that 
principle ; it is, therefore, most parobably cvbone,^ a 
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CONVERSATION XXIII. 

ON ANIMAL HEAT : AND ON VARIOUS 
ANIMAL PRODUCTS. 



EMILY. 

Since our last interview, I have been thinking 
much of the theory of respiration ; and I cannot 
help being struck with the resemblance which k 
•appears to bear to the process of condwstion. For 
in respiration, as in most cases of combostion, the 
air sufiers a change, and a portion of its oxygen 
combines with hydrogen and xarbone, producing 
carbonic acid and water. 

MRS. B. 

I am much pleased that this idea has occurred fa 
you : these two processes appear so very analogous, 
that it has been supposed that a kind- of combustion 
actually takes place in the lungs ; not of the blood, 
but of the superfluous hydrogen and carbone which 
the oxygen attracts from it. 
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die medicines, and the quickness of its efiects, {as 
such, probably depends on its being instantly con- 
verted into vapour by the heat of the stomachy 
through the intervention of which it acts on the 
nervous system. But the frequent use of ether, like 
that of spirituous liqiiors, becomes prejudicial, and, 
if taken to excess, it produces effects similar to 
tliose of intoxication. 

We may nov^ take our leave of the vinous fer- 
naentation, of v^hich, I hope, you have acquired a 
clear idea ; as well as of the several products that are 
derived from it. 

CAROLINE. 

Though this process appears, at first sight, sa 
much complicated, it may, I think, be summed up 
in a few words, as it consists simply in the conver- 
sion of sugar into alcohol and carbonic acid, which 
gives rise both to the formation of wine, and of all 
kinds of spirituous liquors. 

MRS. B. 

We shall now proceed to the acetous fennenia^ '^ 
tioHy which is thus called, because it. converts wine 
into vinegar,, by the formation of the acetous acid,, 
which is the basis or radical of vinegar. 

CAROLINE.. 

^But is not the acidifying principle of the acetau& 
acid the same »<> ^^^t qi all other acids, oxygen ? 
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MRS. B* 

Certainly; and on that account the contact Oi 
air is essential to this fermentation^ as it aA>rds the 
necessary supply of oxygen. Vinq;ar, in onler 
to obtain pure acetous acid from it, must be dis* 
tilled and rectified by certain processes ; and the more 
frequently this operation is repeated^ the more 
perfect the acid will be. 

EMILY. 

But pray, Mrs. B., is not the acetous acid frD» 
quently formed without this fermentatioa taking 
place? Is it not, for instance^ contained in acid 
fruits, and in every substance that becomes sour? 

lifts. B« 

No, not in fruits ; you confound k with the ci- 
tric, die malic, the oxalic^ and other vegetaUo 
acids, to which living vegetables owe their acidity. 
But whenever a vegetable substance turns sour, 
after it has ceased to live, the acetous acid is deve«- 
loped by means of the acetous fermentation, in 
which the substance advances a step towaixk its final 
decomposition* 

Amongst die various instances of acetous fiermco* 
tation, that of bread is usiuaUy classed. 

CAHOLINB. 

But the fermentation of bread il produced bjr - 
yeast ; how does that efiect it f 
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MRS. B. 

It is found by experience that any substance that 
has already undergone a fermencation, will reaxfily 
excite it in one that is susceptible of that processi. 
Ify for instance, you mix a little vinegar with wine^ 
that is intended to be acidified, it will absorb oxy*- 
gen more rapidly, and the process be cooipleted 
much sooner, than if left to fermentt spontaneously. 
Thus, yeast, which is a product of the fermenta- 
tion of beer, is used to excite and aocejerate the 
fermentation of malt, which is to be eonvert^ ioto 
beer, as well as that of paste that is to be made 
into bread. 

CAROLINE. 

But if bread undergoes the acetous fermenUition, 
why is it not sour ? 

MRS. B. 

It acquires a certain savoor which corpccts the 
heavy insipidity of flour, and may be reckoned a 
first degree of acidification ; for if the process was 
carried finrther, the bread would become decidedly 
acid. 

There are, however, some chemists who do sot 
consider the fermentation of bread as being of the 
acetous kind, but suppose that it is a process of fer- 
mentation peculiar to that substance. 

The fuirid/ermeniation is the final operation of 
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Nature, aod her last stq> towards leducing organized 
4x>die8 to tfaeir simplest combinations. All vege- 
tables spontaneously undergo diis fermentation after 
4eadi, provided there be a sufficient degree of heat 
and moisture, together with access of air ; for it is 
well known that dead plants may be preserved hj 
drying, or by the total exclusion of air. 

CAROLINE. 

But do ^ad plants undergo the t)theT ferroenta* 
tions'previous to this last; or do ihey imme^ately 
suffer the putrid fermentation ? 

MRS. B. 

That depends on a variety of circumstances, such 
as the degrees of temperature and of moisture, the 
nature of the plant itself, &c. But, if you were 
carefully to follow and examine the decompositipn 
of plants from their death to their final ^issdhition, 
you w;ould generally find a sweetness developed in 
the seeds, and a spirituous flavour in the fruit^ 
(which have undergone the saccharine fermenta- 
tion), previous to the total disorganization and se-^ 
paration of the paits. 

EMILY. 

I have sometimes remarked a kind of spirituoi^ 
taste in fruits that were over ripe, especially oranges i 
and this was just before they became rotten. 
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MRS. B. 

It was then the vinous fermentation which had 
succeeded the saccharine, and had you followed up 
these changes attentively, you would probably have 
found the spirituous taste followed by acidity, previ- 
ous to the fruit passing to the state of putrefaction. 

When the leaves fall from the trees in autumn^ 
they do not (if there is no great moisture in the at- 
mosphere) immediately undergo a decomposition, 
but are first dried and withered ; as soon, however, 
as the rain sets in, fermentation commences, their 
gaseous products are imperceptibly evolved into the 
atmosphere, and their fixed remains mixed with 
their kindred earth. 

Wood, when exposed to moisture, also imdergoes 
the putrid fermentation and becomes rotten. 

EMILY. 

But I have heard that the dry roty which is so 
Qable to destroy the beams of houses^ is prevented 
by a current of air; and yet you said that air was 
essential to the putrid fermentation I 

MRS. B« 

True ; but it must not be in such a proportion to 
the moisture as to dissolve the latter, and this is ge- 
nerally the case when the rotting of wood is pre- 
vented or stopped by the free access of air« What 
is commonly called dry rot, however, i^ not, I be- 
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Iteve, a true process of putrefaction. It is supposed 
to depend on a peculiar kind of vegetation, which, 
by feeding on the wood, gradually destroys it. 

Straw and all other kinds of vegetable matter 
undergo the putrid fermentation much more rapicRy 
when mixed with animal matter. Much heat is 
evolved during this process, and a variety of volatile 
products are disengaged, as carbonic acid and hydro- 
gen gas, thp latter of which is frequently either sul- 
phurated or phosphorated. When M these gasses 
have been evolved, the fixed products, consisting of 
carbone, salts, potash^ &c, form a kind of vegetable 
earth, which makes very fine manure, as it is com- 
posed of those elements which form the immediate 
materials of plants. 

CAROLINE. 

Pray are not vegetables sometimes preserved from 
4ecomposition by petrification ? I have seen very 
curious s|>ecimem of petrified vegetables^ in which 
state they perfectly preserve thdr form and or- 
ganization, though in appearance they are changed 
to stone. 

MRS. B. 

That is a kind of metamorphosis, whith, now 
that you are tolerably well versed in the history of 
mineral and vegetable substances, I leave to your 
judgment to explain. Do you imagkie that vege- 
tables can be converted into stone ? 
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EMILY. 

No certainly ; but they might perhaps be changed 
t0 a substance in appearance resembling stone. 

MRS. B. 

It IS not so, however, with the substances that 
are called petrified vegetables ; for these are really 
stone, and generally of the hardest kind, con- 
sisting chiefly of silex. The case is this : when a 
vegetable is buried under water, or in wet earth, it 
IS slowly and gradually decomposed. As each suc- 
cessive particle of the vegetable is destroyed, its 
place IS supplied by a particle of siliceous earth, 
conveyed thither by the water. In the course of 
time the vegetable is entirely destroyed, but the silex 
has completely replaced it, having assumed its form 
and apparent texture, as if the vegetable itself were 
changed to stone. 

CAROLIKE. 

That is very curious ! and 1 suppose that petrified 
anirrial substances are of the same nature ? 

MRS. B. 

Precisely. It is equally impossible for either ani- 
rhal or vegetable substances to be converted into 
stone. They may be reduced, as we find they arc, 
by decomposition^ to their constituent elements, but 
cannot be changed to elements which do not enter 
into their composition. 

VOL. II. I 
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EMILY. 

The greater quantity of caloric^ therefore, that 
we receive fiom the atmosphere in summer, cannot 
raise the temperature of our bodies, beyond certain 
limits, (as it does that of inanimate bodies), because 
an excess of caloric is carried off by perspiration. 

CAROLINE. 

But the temperature of the atmosphere, and con- 
sequently that of inanimate bodies, is surely never 
so high as that of animal heat ? 

MRS. B« 

I beg your pardon. Frequently in the East and 
Wesf Indies, and even sometimes, in the sbuthera 
parts of Europe, the atmosphere is above 98**, 
"which is the common temperature of animal heat. 
Indeed, even in this country, it occasionally happens 
that the sun's rays, setting full on an object, elevate 
its temperature above that point. 

In illustration of the power which our bodies 
have to resist the effects of external heat. Sir Charles 
Blagden, with some other gentlemen, made several 
very curious experiments. He remained for some 
time in an oven heated to a temperature not much 
inferior to that of boiling water, without suffering 
any other inconvenience than a profuse perspiration, 
which he supported by drinking plentifully. 
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bitumeiii susceptible of so fine a polish that it is 
used for many ornamental purposes. 

Coal is also a bituminous substance, to the com- 
position of which both the mineral and animal king- 
doms seem to concur. This most useful mineral ap- 
pears to consist jchiefly of vegetable matter, mixed with 
remains of marine animals and marine salts^and oc- 
casionally containing a quantity of sulphuret of iron» 
commonly called pyrites. 

EMILY. 

It is, I suppose, the earthy, the metallic, and the 
saline parts of coals, that compose the cinders or 
fixed products of their combustion ; whilst the hy- 
drogen and carbone, which they derK'e from vege- 
tables, constitute their volatile products. 

CAROLINE. 

Pray is not cook (which I have heard is much 
used in some manufactures) also a bituminous 
substance ? 

AfRS. B. 

It is a kind of fuel artificially prepared from coals. 
It consists of coals reduced to a substance analogous 
to charcoal, by the evaporation of their volatile parts, 
Coak therefore is composed of carbone, with som« 
earthy and saline ingredients. 

Succirij ox yelloxv amber , is a bitumen which the 
ancients called electrunh from whence the worj 
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electricitj is derived, as that substance is peculiarly, 
and was once supposed to be exclusively electric. * It 
is found either deeply buried in the, bowels of the 
earth, or floating on the sea> and is supposed to be 
a resinous body which has been acted on by sul< 
phuric acid, as its analysis* shows it to consist of an 
oil and an acid. The oil is called oil of amba\ 
the acid the succinic. 

• 

EMILY. 

, That oil I have sometimes used in painting,* as it 
is reckoned to change Iqss than the other kinds of 
oils. 

MRS. B. 

Tlie last class of vegetable substances that have 
changed their nature ^re/ossil wood^ peaty and tujf. 
These are composed of wood and roots of shrubs, 
that are partly decomposed by being exposed to mois- 
ture under ground, and yet, in some measure, pre- 
serve their form and organic appearance. The 
peat, or black earth of the moors, retains but few 
vestiges of the roots to which it owes its richness 
and combustibility, these substances being in the 
course of time reduced to the state of vegetable 
earth. But in turf the roots of plants are still dis- 
cernible, and it equally answers the puipose of 
fuel. It is the combustible used by the poor in 
heathy countries, which supply it abundantly. 
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It is too late this morning to enter upon the his- 
tory of vegetation. We shall reserve this subject^ 
therefore, for our next interview, when I expect 
that it will furnish us with ample matter for another 
conversation. 
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CONVERSATION XIX. 



HISTORY OF VEGETATION. 



MRS. B. 

Tub VEGETABLE KINGDOM maybe considered 
as the link which unites the mineral and animal aea* 
tion into one common chain of beings ; for it i| 
through the means of vegetation alone that mineral 
substances are introduced into the animal system, 
since, generally speaking, it is from vegetables that 
all animals ultimately derive their sustenance. 

CAROLINE. 

> I do not understand that ; the human species sub- 
sists as much on animal as on vegetable food, and 
there are some carnivorous animals , that will eat 
only animal food. 

AsRS* B. 

That is true ; but you do not consider that those 
that live on animal food, derive their sustenance 
equally, though not so immediately, from vegetables* 
The meat that we eat is formed from the herbs of 
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the field, and the prey of carnivorous animals pro- 
ceeds, either directly or indirectlyf from the same 
source. It is therefore through this channel that 
the simple elements become a part of the animal 
frame. We should in vain attempt to derive nou<* 
rishment from carbone, hydrogen, and oxygen, 
either in their separate state, or combined in the 
mineral kingdom ; for it is only by being united in 
the form of vegetable combination, that they be* 
come capable of conveying nourishment. 

£MILY» 

Vegetationi th^n, seems to be the method which 
aature employs to prepare the food of •inimals ? ' 

AsRo. B. 

That 18 certainly its principal object. The vege- 
table creation does not exhibit more wisdom in that 
admirable system of organization, by which it is en« 
abled to answer its own immediate ends of preser«» 
vatiou) nutrition, and propagation, than ^n its grand 
and ultimate object of forming those arrangements 
and combinations of principles, which are so well 
adapted for the nourishment of animals. 

EMILY. 

But I am very curious to know whence vegeta* 
bles obtain those principles which form their ioune- 
diate materials ? 

14 
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MRS. B. 

This IS a point on which we are yet so much in 
the dark, that I cannot hope fully to satisfy your 
curiosity ; but what little I know on this subject, I 
will endeavour to explain to you. 

The soil, which, at first view, appears to be the 
aliment of vegetables, is found, on a closer investi- 
gation, to be only the channel through which they 
receive their nourishment ; so that it is very possiUe 
to rear plants without any earth or soil. 

CAROLINE. 

Of that we have an instance in the hyacinth and 
other bulbous roots, which will grow and blossom 
beautifully in glasses of water. But I confess I 
should think it would be di£ScuIt to rear trees in a 
similar manner. 

'. MRS. Bv 

^- No doubt it would, as it is the burying of the 
roots in the earth that supports the stem of the tree. 
But this oflSce, together with that of aBFording a 
vehicle for aliment, is almost the only part which 
the soil performs in the process of vegetation ; at 
least, we can discover by analysis but an extremely 
small proportion of earth in vegetable compounds. 

. CAROLINE. 

But if earths do not afford nourishment, why is 
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it necessary to be 90 attentive to the preparation of 
the soil ? • ' 
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In order to impart to it those qualities which 
render it a proper vehicle for the food of the plant. 
Water is the chief nourishment of vegetables ; if, 
therefore, the soil be too sandy, it will not retain' a 
quantity of water suflBcient to supply the roots of 
the plants. If, on the contrary, it abound too 
much wtth day, the water will lodge in such quan- 
tities as to threaten a decomposition of the roots. 
Calcareous soils are,' upon the' whole, the most 
favourable lo the growth of plants, especially as 
they contain in great abundance carbonic acid, a con- 
siderable supply of which is required for vegetation. 
Soils are, therefore^ ^ usually improved by chalk, 
which, you may recollect, is a carbonat of lime» 

.CAROL^N£. 

' But pray, what is the use of manurjng the soil ? 

ACRS. B.' 

Manure consists of all kinds of substances, whe* 
ther of vegetable or animal origin, which have un- 
dergone the putrid fermentation, and are conse- 
quently decomposed, or nearly so, into their ele- 
mentary principles. Now, I ask you what is the 
utility of supplying the soil with these decomposed 
substances ? 

15 
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It is, I suppose^ ia order to furnish vegetaUes 
with the principles which enter into their composi- 
tion* For manures not only contain carbone, hy- 
drogcni and oxygen* but by their decomposition 
supply the soil with these principles in their do- 
mentary form. 

Undoubtedly i and it is for this reason that the 
finest crops are produced in fields that were for- 
merly covered with woo^, because their soil is 
composed^ of a sort of vegetaUe earth whioh 
abounds in those principles. 

EMILY. 

This accounts for the plentifulness of tha crops 
produced in America, where the country was but a 
lew years since covered with wood. 

CAROLINE. 

But how is it that ^im^l -substances are reckoned 
to produce the best manure? Does it not appear 
much more natural that the decomposed elemeati 
of vegetables should be the most appropriate to the 
formation of new vegetables ? 

Mils. B. 
The a<Mitioxi of a much greater proportion of 
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Bitrogen, which constitutes the chief difference be- 
tween aninofii and vegetable matter, renders the 
composition of the former more complicated, and 
conseqaently more favourable to decomposition. 
'The usfsof animal substances is chiefly to give the 
first impulse to the fermentation of the vegetable 
ingredients that enter intoahe composition of ma- 
nures. The manure of a farm-yard is of that de* 
scription ; but there is scarcely any spbstance sus- 
ceptible of undergoing the putrid fermentation that 
will not make good ruauure. The heat produced by 
'the fermentation of manure is another circumstance 
^hich is extremely favourable to vegetation; yet 
this heait Would be too great if the manure was laid 
on the ground during. the height of fermentation; 
it is used in this state only for hot-beds, to produce 
mdons^ cuqumbers, and such vegetables as require 
M> very high temperature. 

CAROLINE. 

A difficulty has just occurred to me which I do 
(not. kfiow how to remove.-^Since all organized 
•bodies are* in the common course, of nature, isltir 
4iiately rqijiiced to their elemenury state, they must 
necessarily in that state enrich the soil, and affori 
food for vegetation. How is it then that agricul- 
ture, which cannot increase the quantity of those 
dements that are required to manure the earth, can 

16 



^y 



180 

increase its prodace so wonderfUly^ as is foond to 
be the case in all cultivated coimtries ? 

MRS. 8. 

Bjr suflfering none of these principles to remain 
inactive, and by employing them to the best advan- 
tage. This object is attained by a judicious prepa- 
ration of the soil, vrhich consists in fitting it cith^ 
-for the general purposes of vegetation, or itk that of 
-the particular seed which is to be sown. Thus, if 
the soil be too cold, it may be warmed by slake- 
ing lime upon it ; if too loose and sandy, it may be 
rendered more consistent and retentive of water by 
the addition of clay or loam ; if too poor, - it may 
be enriched by chalk or any kind of calcareous 
eanh. On soils thus improved, manures will- adt 
with double efEcacy* and if attention be paid to 
spread them on the ground at a proper season of the 
year, to mix them with the soil so that they may be 
generally diffused through it, to destroy the weeds 
^hich might appropriate these nuti-iti?e 'principles 
to their own use, to remove the stones which would 
impede the. growth of the plant, &c. we may obtain 
a jN'oduce an hundred fold morie abundant than die 
^earth wofuld spontaneously supply.^ ' 

EMILV, 

We have . a very striking instance of this ia tfae 
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icanty ptx>Aic6 of oncultiirated' commoiis, com* 
pared to the rich crops af mekdoWs which ai^ 
occAMonally manured. 

. CAKOLINE* 

But, Mrs. B., though experience daily proves the 
advantages of cuhivation, there 'is still a diffidulfy 
which I cannot get over. A certain quantity* df 
•elementary priniitples iexist in nature, which it is 
not in the power* of man cither to augment or dimi- 
nish. ■ Of these principles you'have taught us that 
•both the animal and vegetable creation are comf- 
'po^. ' N^w the more of them is taken up by the 
'Vegetable 'kin^om, thei 'less,* it would seem, wflt ra<^ 
fnain for animals; and- thercffore the more popu- 

*ious'the earth becomes, the less it will produce. 

. • • , ' . . 

* ^ KIRS* 3« 

^ Your reasoning is very plausible ; but experience 
♦every where cbritradlcfs the inference you would 
draw from itt for we find that the animal' and ve- 
getable kingdoms, instead of thriving; as you would 
suppose, at each other's expence, always increase 
and multiply together. Indeed, you must allow 
that your conclusion woiild be valid only if every 
particle of the several priocipJes that could possibly 
be spared from other purposes were employed in thfc 
animal and vegetable creattons. Now • we havfc 
reason to believe that a much greater proportion cV 
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litest principles than i; required for &«eh purposes, 
cemwis either in an defoeatary ^itt or eqg^ged 
in a less useful mode of conxbjnation intb^ n^incvai 
kingdom. Possessed of such immense resources as 
the atmosphere and tbe -waters afford us» for oxygen, 
hydrogen, and carbone, so far from being in danger 
of working MP all our simple materials^ we caoMC 
vSuppose that we .shall ever bring agriculture to aoch 
,a degree of perfection as to require the whole «f 
wbat.thesQ resources could supply. 

Nature, however, in thus furnishing us with an 
inexhaustible stock of raw materials, leaves it in 
aome measure to the. ingenuity of man to af^pro- 
jpriate them to his own purposes* But, like a kind 
parent, she stimulates him to exertion, by setting the 
example and pointing out the way. For it is on 
the operations of nature that all the improTemeats 
of art are founded. The art of agriculture consists, 
therefore, in discovering. the readiest method of oh* 
taining the several principles, either from their.gcand 
sources, air and water, or from the decomposiuon 
of organized bodies.; and in appropriating them in 
the best manner to the purpose^. of vegetation. 

EMILY. 

4 

But, amongst the sources of nutririve principles,! 
am surprised that ypu do not mention the earth ifri 
self, as it contains abundance of coals which 
<Jiiefly composed of c^bone. 
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' You Quut recollect thatcoak 9xc, in all pmba* 
bitity, principallyi if not entirely, of veg^ble ongis ; 
and therefore the earth shoudd be considered rather 
as the vehicle throogh which decayed organized 
matter is gradually brought to the state of coa{8^ 
dun as the original source of that valuable combus- 
tiUe* fiesidest you Jcnow^ that though coals abound 
in carlxme, they canno^ on account of their hard^ 
ness and impenneable texture, be immediately sub* 
indent to the purposes of vegetation. 

EMILV, 

No; but by their combustion ^carbonic acid is 
produced , and this entering into various combina- 
tions on the surface of the earth, may perhaps as- 
sist in promoting v^etation. 

MRS. B« 

9 

Probably it may in some degree; but at any 
irate the quantity of nourishment, which vegetables 
may derive from tha[t source, can be but very trifling, 
and must entirely depend on local circumstances. 

CAROLINE. 

Perhaps the smoky atitsoaphere of London is the 
reason why vegetation isso forward and so rich in 
it» vicinity ? 
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- MKS. B. 

I ratRer believe that this circtifl&stance proceeds 
from the very ample supply of manure/ assisted 

• perhaps by the warmth and shelter which the town 
- afibrds. -Far from attributing any good to the 
' smoky atmosphere of - f4ondon, I confess I like to 
■ anticipate the time when we shall have made such 

• progress in the art' of mahaging combustion that 
'every particle tjfcitbohti wiff be- consumed, and Ae 

smoke destroyed at 'the moment of its production. 
We may then expect, to have the satisfactfon of see- 
ing the atmosphere of London as clear as that of the 
country. — But to return to our subject: I hope that 
'you are now convinced thiit we^shall fi6^ easily ex- 

• perience a deficiency of nutritive elements to fetttfize 
the earth, and that, provided we are but iudtlstrious 
in applying them to the best advantage by improv- 
ing the art of agriculture, no limits can be assigned 
to the fruits that we may expect to reap from our 
labours? j. . ■ . . 

• • • C AaOX^III^E'* 

• 

Yes ; I am perfectly satisfied in that respect, and 
I can assure you that I feel already much more in- 
terested in the progress and improvement of agri- 
culture. 

I have often thought that the culture of the land 
was ixpt considered as a concern of sufficient im- 
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portance. Manufactures always take the lead; and 
heafth and innocence are often sacrificed to the 
prospect of a more profitable employment. It has 
often grieved me to see the poor manufacturers 
crowded together in close rooms, and confined for 
the whole day to the most uniform and sedentary 
employment, instead of being engaged in that in- 
nocent and salutary kind of labour, which nature 
seems to have assigned to man for the immediate 
acquirement of comfort, and for the preservation of 
his existence. I am sure that you agree with me in 
thinking so, Mrs. B. ? 

MRS. F. 

I am entirely of your opinion, my dear, in legard 
to the importance of agriculture ; but I am far from 
wishing to depreciate manufactures ; for as the la- 
bour of one man is sufficient to produce food for 
several, those vi*hose industry is not required in til- 
lage must do' something tn return for the food that 
is provided for them. They exchange,' cohsequenf- 
ly, the accommodations for the necessaries of life. 
Thus the carpenter aud the weaver lodge and clothe 
the peasant, who supplies them with their daily 
bread. The greater the stock of provisions, there- 
fore, which the husliandman produces, the greater 
is the quantity of accommodation which the artificer 
prepares. Such are the happy effects which natu- 
rally result from civilized society. It would be 
wiser, therefore, to endeavour to improve the situa* 
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tion of those \vho are engaged in manufactures^ Uian 
to indulge in vain declamations on the hardships to 
which they are often exposed-. 

But we must not yet take our leave of the sub- 
ject of agriculture; we have prepared the soil, it 
remains for us now to sow the seed. In this ope- 
ration we must be careful not to bury it too deep 
in the grotindi as the access of air is absolutely 
necessary to its germination; the earth must 
therefore lie loose and li|^t over it in order that the 
air may penetrate. Hence the use of ploughing 
and digging, harrowing and raking, &c. A cer- 
tain degree of heat and mobture, such as usually 
takes place in the spring, is likewise necessary.* 

CAROLINE. 

One would imagine you were going to describe 
the decomposition of an old plant, rather than the 
formation of a new one; for you have enumerated 
all the requisites of fermentation. 

MRS* B. 

Do you forget, my dear, that the young plant de- 
rives its existence from the destruction of the seed, 
and that it is actually by the saccharine fermenta- 
tion that the latter is decomposed ? 

^ CAROLINE. 

,True; I wonder that I did not recoUect diat. 
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The teinperatore and nioistiire required for the ger« 
piinatipii.of t^e seed is then employed in producing 
the saccharine fermentation within it? 

MRS. B. 

Certainly. But, in order to understand the na- 
ture of germination, you should be acquainted with 
the different parts of which the seed is composed. 
The e^rnal covering or envelope containsi besides 
the germ of the future plant, the substance which ii 
to constitute its first nourishment; this substance, 
which is called the pare^kjfmat consists of fecula, 
mucilage, and oil, as we formerly observed^ 

The seed is generally divided into two compart- 
ments, called lobesy or coif/kdons^ as is exem- 
plified by this bean (Plats XL Fig. 25*)«— the 
darkfcoloured kind of string which divides the lobes 
. is called the radicle^ as it forms tlie root of the plant, 
and.it is -from a contiguoiM substance, called ^ftf* 
nmloy which is enclosed, within the lobes, that the 
stem arises. The figure and size of the seed &<- 
pend very much upon the cotyledons ; these vary 
in number in different seeds : some have only one, 
aawheati oala, barley, and all the grasses; some 
have three, others six. But most.«Qtdai:iLS, for in- 
stance, all the varieties of beans, have two cotyledons^ 
When the seed is buried in the earth, at any tempe* 
rature above 40^, it imbibes waiter, which jpftens 
ani swells the iobes ; it dxeii abaorbsioacygeai iwbfeh 
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combines wifti some of its carbone, and is returned 
in the form of carbonic acid. This loss of carbone 
increases the comparative proportion of hydrogen 
and oxygen in the seed» and excites the saccharine 
fermentation, by which the parenchymatous matter 
is converted into a kind of sweet emulsion. In this 
form it is carried into the radicle by vessels appro* 
priated to that purpose ; and in the mean time, the 
fermentation having caused the seed to burst, the co- 
tyledons are rent asunder, the radicle strikes into the 
ground and becomes the root of the plant, and 
hence the fermented liquid is conveyed to the pin- 
mula, whose vessels have been previously distended 
by . the heat of the fermei^ation. The plumula 
being thus swelled, as it were, by the emulsive fluid, 
raises itself and springs up to the surface of the 
earth, bearing with it the cotyledons, which, as soon 
« as they come in contact with the air, spread them* 
* aelyes, and are transformed int^ leaves^^If we go 
. into the garden, we shall probaUy find sonie seeds 
in the state which I have described*— . . 

EMILY. 

Here^MC some lupines that are just making their 
- appearance- above ground. 

Mas. B> 

We will take up several of them to observe their 
difietcflK degrees of progress in vegetation. Here is 
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one that; has but recently burst its eaVGl<^pe«rMlo you 
just the little radicle striking downwaids ? (Plate 
XI. Pig. 26.) Inthistheplumula is not yet visible. 
But here is another in a greater state of. forwar4'<>^ 
ness— the pluuiula, or ste^, has ris^ out of 'th€ 
ground, and the cotyledons are converted into s^cji, 
leaves. (Plate XI. Fig.. 27.) 

CAROLINK. 

These leaves are very thick and clumsy, and un- 
like the Other leaves, which I perceive are just be- 
ginning to appear, 

MRS. B. 

It is because they retain the remains of the pa- 
renchyma, with which they still continue to nouriiih 
the young plant, as it has not yet sufficient roots and 
strength to provide for its sustenance from the soil.— 
But, in this third lupine, (Plate XI. Fig. 28.) the 
radicle had sunk deep into the earth, and sent out 
several shoots, each of which is furnished with a 
mouth to suck up nourishment from the soil ; the 
function of the original leaves therefore, being no 
longer required, they are gradually decaying, and 
the plumula is become a regular stem, shooting 
out small branches and spreading its foliage. 

EMILY. 

There seems to be a very striking analogy between 
a seed and an eggi, both require an elevation of 
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tetnperatitre to be brought to life ; bodi at first rap- 
ply with ailment the organized being which diey 
produce ; and as soon as this has attained sufficient 
strengdi to procure its own nourishment, die egg- 
diell breaks, whilst in die plant the seed-leaves faQ 
off. 

There is certainly some resemblance between 
these processes ; and when you become acquaiiRed 
with animal chemistry, you will frequently be struck 
with its analogy to that of the vegetable kingdom. 

As soon as the young plant feeds from the soil, it 
requires the assistance of leaves, which are the or-> 
gans by which the plant throws off its super- 
abundant fluid ; this secretion is much more plentiful 
in the vegetable than in the animal creation, and 
the great extent of surface of the foliage of plants 
is admirably calculated for carrying it on in suffi- 
cient quantities. This transpired fluid consists of 
little more than water. The sap, by this process, is 
converted into a liquid of greater consistence, form- 
ing what is called the peculiar juice of the plant, 
which is fit to be assimilated to its several parts* 
This juice varies much in diflerent plants ; in some 
it is green, in others red, and in many it is white 
and milky. 

EMILY. 

Vegetation, then, must be essentially injured by 
destroying the leaves of the plant ? 
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MRS. B. 

tlndoubtedly > it not only diminishes the tran^* 
piration, but also the absorption by the roots ; for 
the quantity of sap absorbed is always in proportion 
to the qiiantity of fluid thrown off by transpiration^ 
You see therefore the necessity that a young plant 
should unfold its leaves as soon as it begins to de- 
rive its nourishment from the soil; and, accordingly^ 
you will find that those lupines which have drop-^ 
t)ed their seed-leaves, and are no longer fed by the 
parenchyma, have spread their foliage, in order to 
perform the office just described. 

But I should inform you that this function of 
transpiration seems to be confined to the upper sur- 
face of the leaves, whilst, on the contrary, the lower 
surface, which is more rough and uneven, and fur-* 
nished with a kind of hair or down, ^is destined to 
absorb moisture, or such other ingredients as the 
plant derives from the atmosphere* 

As soon as a young plant makes its appearance 
above ground, light, as well as air, become neces^ 
sary to its preservation. Light h essential to the 
developement of the colours and to the thriving of 
the plant. You may have often observed what a 
predilection vegetables have for the light. If you 
make any plants grow in a room, they all spread 
their leaves and extend their branches towards the 
Windows* 
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CAROLINE. 

And many plauU close up their flowers as soon 
as it is dark. 

EMILY. 

But may not this be owing to the cold and damp- 
ness of the evening air ? 

That docs not appear to be the ease; for in a 
course of curious experiments^ made by Mr. Sene- 
bier, of Geneva, on plants which he reared by 
lamp light, he found that the flowers closed their 
petals whenever the lamps were extinguished. 

EMILY. 

But pray, why is air essential to vegetation; 
plants do not breathe it like animals ? 

MRS. B. 

At least not in the same manner; but they ccr- 
tainly derive some principles from the atmosphere, 
and yield others to it. Indeed, it is chiefly owing 
to the action of. the atmosphere and the vegetable 
kingdom on each other, that the air continues al- 
ways fit for respiration. But you will understand 
this better when 1 have explained the eflFect of wa- 
ter on plants. 

I have said that water forms the chief nourish- 
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inent of plants ; it is the ba^is not only of the sap, 
but of all the vegetable juices. Water is the vehicle 
'which carries into the plant the various salts and other 
ingredients required for the formation and support 
of the vegetable system. Nor is this all ; great part 
of the water itself is decomposed by the organs of 
the plant ; the hydrogen becomes a constituent part 
of oily of extract, of colouring matter, &c. whilst a 
portion of the oxygen enters into the formation of 
mucilage, of fecula, of sugar, and of vegetable acids. 
But the greater, pa it of the oxygen, proceeding 
/rom the decomposition of the water^ is converted 
into a gaseous state by the caloric disengaged from 
the hydrogen during ks condensation ia the forma* 
tion of the vegetable materials. In this state the 
oxygen is transpired by the leaves of plants when 
exposed to the sun's rays. Thus you find that the 
decomposition of water, by the organs of the plant, is 
not only a meani of supplying it with its chief in^ 
gredient, hydrogen, but at the same time of re-^ 
plenishing the atmosphere with oxygen, a principle 
which requires continual renovation, to make up 
for the great consumption of it occasioned by the 
numerous oxygenations, combustions, and respira- 
tions, that ^re constantly taking place on the sue* 
face of the globe. 

EMILY. 

What a striking instance of the harmony of na- 
ture! 

VOL. n. K 
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MRS, B. 

And how admirable the design of Provideace, 
who makes every different part of the creation thus 
contribute to the support and renovation of each 
other! 

But the iiltercourse of the vegetable and animal 
kingdoms through the medium of the atmosphere 
extends still further. Animals, in breathing, not 
only consume the oxygen of the air, but load it with 
carbonic acid, which, if accumulated in the atmo- 
sphere, would, in a short time, render it totally un- 
fit for respiration. Here the vegetable kingiiom 
again interferes ; it attracts and decomposes the car- 
bonic acid, retains the carbone for its own purpose^ 
and returns the^ oxygen for ours* This process^ 
however, is only earned on during the day, and a 
contrary one seems to take place at night ; for the 
leaves then absorb oxygen and emit carbonic acid 
The absorption of carbonic acid during the day is^ 
however, far from balanced by the quantity enaicted 
during the night. 

CAROLINE. 

How interesting this is ! I do not know a mors 
beautiful illustration of the wisdom which is dis* 
played in the laws of nature. 

MRS. B* 

Faint and imperfect as are the ideas which our 
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limited perceptions enable us to form of divine wis- 
dom, still ihcy cannot fail to inspire us with awe 
and admiration. What then would be our feedings 
vrcre the complete system of nature at once dis- 
played before us ! So magnificent a scene would 
^obably be too great for our limited and iraperfoot 
comprehension, and it is no doubt, amongst the wise 
dispensations of Providence, to veil the splendour of 
a glory with which we should be over[>awered. But 
it is well suited to the nature of a ratjpnal being to 
explore, step by step, the works of the creation, to 
endeavour to connect them into harmonious fys-. 
terns ; and, in a word, to tiace, in the chaia of beingi^ 
•the kindred ties and benevolent design which unite 
its various links, and secure its preservation. 

Let us now proceed to examine how the several 
principles which ebter into the composition of vego^* 
tables are so combined by the organs of the plant as 
to be converted into vegetable matter. 

The sap is evidently formed of water absorbed by 
the roots, and holding in solution the various prin- 
ciples which it derives from the soil. From the toots 
the sap ascends into the stem, and thence branches 
out to every extremity of the plant. Together with 
the sap circulates a certain quantity of carbonic acid, 
which is gradually disengaged from the former by 
the internal heat of tlie plant* 
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EMILY. , 

What ! have vegetables a peculiar heat analogous 
to animal heat? 

It is a circumstance that has long been only sus- 
pected; but late experiments have decided the fact 
beyond a doubt. 

CAROLINE. 

But how is diis heat produced in vegetables ? 

InRS. B* 

* An chemical combinations, you know, occasion 
a change ef temperature, and heat or cold are pro*- 
duced according as the compound is more or less 
solid, or has more or less affinity for heat than the 
ingredients from which it is composed. Now, as 
We know that all the principles which form the ma- 
terials' of plants, enter into them in a fluid state, and 
fbrm many solid parts ; and also that the vegetable 
juices haye often a greater degree of consistence 
than the fluid from which they derive their origin, it 
is rational to suppose that the chemical processes by 
which these changes are produced should generate 
heat. 

CAROLINE. 

True; but in calculating the increasing^ solidity 
of vegetable substances, should you not take into 
acc()]unt, as a compensation, the oxygen gas with 
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which vegetables supply the atmosphere, the foi- 
mation of which must consume a considerable 
proportion of their caloric ? 



MRS. B. 

This circumstance, no doubt, diminishes the 
quantity of heat that would otherwise be generated 
in the plant ; and the formation of the carbonic acid, 
ivhich circulates along with the sap, has also a si- 
milar effect : but, on the other hand> %great part of 
this acid is decomposed, in order to supply the plant 
with carbone, which combines with the oxygen and 
hydrogen of the sap, to form mucilage, tannin, su* 
gar, acids, &c. . 

It is then from the sap, converted by the leaves 
into a peculiar juice, that vegetables derive their 
nourishment ; in its progress through the plant, from 
the leaves to the roots, it deposits, in the several sets 
of vessels through which it passes, the materials 
required for the various secretions, on which the 
growth or nourishment of each part depends. It 
is thus that the several juices, saccharine, oily, mu* 
cous, acid, and colouring, are formed ; as also the 
more solid parts, fecula, wpody fibre, tannin, resins, 
concrete salts : in a word, all the immediate mate* 
rials of vegetables, as well as the organized parts of 
plants, wiiich latter, besides the power of secreting 
these ingredients fi:om the sap, for the general pui:- 
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postts of the plant, have also that of applying them 
to their own particular nourishmeot. 

CAROLINE. 

But of what nature are diese organs of ^nti 
which are endued with such wonderful powers? 

They are so niinute» that their structure^ as well 
as the mode i|a which they perform (hdr fiinctiansy 
generally elude our examination ; but we may con- 
sider them as so many vessels or apparatus appro*^ 
priaied to perform^ with the assistance of the finxy^ 
ciple of life, certain chemical processes, by moans 
of which ttiese veg^Ue compounds are generafied.- 
We may, however, trace. the tannin, resins, gaokf 
mucilage* and some other vegetable materials in tiie 
organized arrangement of plants, in whidi they 
form the bark, the wood, the leaves, flowers, and 
seeds. ' 

The bark is composed of the epidermis^ the jMs^ 
renchipna^ and the cortical layers. 

The epidermis is the external covering of the 
plant. Mt is a thin transparent membrane, eom-» 
posed of a number of slender fibres crossing each 
other, and forming a kind of net* work. When of 
a white glossy nature, as in aeveral species of trees* 
in the stems of corn andof reeds, it consists <^ a thin 
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coctiag of siliceous earth, v^hich accounts for the 
strength and hardness of these long and slender 
stems. 

The parenchyma is immediately beneath the epi- 
dermis; it is that green rind which appears when 
you strip a branch of any tree or shrub of its exter- 
nal coat of bark. The parenchyma is not confined 
to the stem or branches, but extends over every part 
of the plant, widiout excepting the leaves and flowers. 

The cortical layers are immediately in contact 
with the. wood ; they abound with tannin and gallic 
acid, and consist of small vessels, dirough which it 
i» supposed that the pecuh'ar juice circulates. 

tVood is composed of woody fibre, combined with 
inucilage and resin. It consists of innumerable 
small vessels, through which the sap ascends from 
the roots into the leaves, the important functions of 
which we have already noticed. 

The office of the jUmer<^ or blossom^ is the pro- 
duction of the /ruit and seed ; this may be con- 
sidered as the ultimate purpose of nature in the ve- 
getable creation. From fruits and seeds animals de- 
rive both a plentiful source of immediate nourish- 
ment, and an ample provision for the reproduction 
of the same means of subsisteace. 

The seedf which forms the last product of mature 
plants, we have already examined, as constituting 
the first nidknent of fiiture vegetation.. 
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These are the principal organs of vegetables, by 
means of which the several chemical processes, 
which are carried on during the life of the plant, 
are performed. 

EMILY. 

But why should the spontaneous process of vege- 
tation take place only at one season of the year, 
lyhllst a total inaction prevails during the other .^ 

MRS. B. 

Heat IS such an important chemical agent, that itr 
rifect, as such, might perhaps alone account for the 
impulse which the spring gives to vegetation* But^ 
in order to explain the mechanism of that operation, 
it has been supposed that the warmth of the spring 
dilates the vessels of plants, and produces a kind of 
vacuum, into wliich the sap (which had remained 
in a state of inaction in the trunk during the win- 
ter) rises : this is followed by the ascent of the sap 
contained in the roots, and room is thus made for 
fresh sap, which the roots, in their turn, pump up 
from the soil. This process goes on till the plant 
blossoms and bears fruit, which terminates its sum- 
mer career : but when the cold weather sets in, the 
fibres and vessels contract, the leaves wither, and 
are no longer able to perform their office of tran- 
spiration ; and, as this secretion stops, the roots cease 
to absorb sap from the soil. If the plant be an an- 
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noal, its life then terminates ; if not, it renrains in ac 
state of torpid inaction during the winter ; or the 
otily internal motion that takes place is that of a 
small quantity of resinous juice, which slowly rises 
from the stem into the branches, and enlarges their 
buds during the winter. 

CAROLINB. 

Yet, in evergreens, vegetation must continue 
thrpughout the year. 






MRS. B. 



Yes ; but in winter it goes on in a very imperfect 
manner; compared to the vegetation of spring and 



summer. 



We have dwelt much longer on the history of 
vegetable chemistry than I had intended ; but we 
have at length, I think, brought the subject to a con- 
clusion. 

CAROLINE. 

1 rather wonder that you did not reserve the ac- 
count of the fermentations for the conclusion ; for 
the decomposition of vegetables naturally follows 
their death, and can haidly, it seems, be introduced 
with so much propriety at any other period. 



MRS. B. 



It IS diflScult to determine at what point precisely 
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it may be most eligible to enter on the history of 
vegetation ; every part of the subject is so cloaely 
connected, and forms such an uninterrupted chain, 
that it is by no means easy to divide it. Had I be* 
gun with the germination of the seed, which, at first 
view, seems to be the most proper arrangement, I 
could not have explained the nature and fermenta- 
tion of the seed, or have described the changes which 
manure must undergo, in order to yield the vege- 
table elements. To understand the nature of ger« 
roination, it is necessary, I think, previously to de- 
compose the parent plant, in order to become ac- 
quainted with the materials required for that pur- 
pose. I hope, therefore, that, upon second con- 
sideration, you will find that the order which I 
have adopted, though apparently less correct, is in 
fact the best calculated for the elucidaticm of the 
sutyect. 



\ 
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CONVERSATION XX. 

» ' 

ON THE COMPOSITION OF ANIMALS, 



mRS* B« 

We are now come to the last branch of chemis* 
try» which comprehends the most complicated order 
of compound beings. This is the animal creation^ 
the history of which cannot but excite the highest 
degree of curiosity and interest^ though we often 
fail in attempting to explain the laws by which it 
is governed. 

EMILY. 

But since all animals ultimately derive their nou- 
rishment from vegetables, the chemistry of th» 
order of beings must consist merely in the conver* 
sion of vegetable into animal matter i 

MRS. B. 

Very true ; but the manner in which this is ef« 
fectedy iSf in a great measure, concealed from our 
observation* This process is called anirnalizatian^ 
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and is performed by peculiar organs. The difler- 
cnce of the animal and vegetable kingdoms does 
not however depend merely on a different arrange* 
ment of combinations. A new principle abounds 
in the animal kingdom, which ~ is but rarely and in 
very small quantities found in vegetables ; this b 
nitrogen. There is likewise in animal substances a 
greater and more constant proportion of phosphoric 
acid, and other saline matters. But these are not 
essential to the formation of animal matter. 

CAUOLIKE. 

Animal compounds contain then four fimda* 
mental principles, oxygen, hydrogen, carbone, and 
nitrogen ? 

MRS. B. 

Yes ; and these form the immediate materials of 
animals, which are gelatine^ albumen^ 2ind Jibrine. 

EMILY. 

Are those all ? I am surprised that animals should 
be composed of fewer kinds of materials than vcge-^ 
tables; for they apjpear much more complicated in 
their organization. • ' ' 

MRS. B. 

- Their organization is certainly more perfect and 
intricate, and the ingredients that occasionally enter 
into their composition are more numerous/ But 
notwithstanding the wonderful variety observable in 
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die texture of the animal organs, we find that the 
migind compounds, from which all the varieties of 
animal matter are derived, may be reduced to the 
three heads, just mentioned. Animal substances 
being the most complicated of all natural compounds, 
are most 'easily susceptible of decomposition^ as 
the scale of attractions increases in proportion to 
die number of constituents. Their analysis is, 
however, both difficult and imperfect; for as they 
cannot be examined in their living state, and are 
liable to alteration immediately after death, it is pro-> 
bable that, when submitted to the investigation of a 
chemist, they are always more or less altered in 
thAr combinations ai:d properties, from what they 
were whilst they made part of the living animal. 

EMILY. 

The mere diminution of temperature, which they 
experience by the privation of animal heat, must^ 
I should suppose, be sufficient to derange the order 
of attractions that existed during life. 

MRS. B. 

That is oiie of the causes, no donbt: but there 
are many other circumstances which prevent us 
from studying the nature of liy'vag animal, sub* 
atanccs. We muse therefore, in a considerable de** 
gtee, confine our researches to the phenomena of 
ibfa^ cofloyouods in their inapimate state* 
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positions, die elements of one kind of matter become 
subseryient to the reproduction of another ; $o diat 
the three kii^doms are intimately connected, and 
constantly contributing to the preservation of each 
other. 

EMILY. 

There is, however, one very considerable class 
of elements, which seems to be confined to the mi«* 
neral kingdom : I mean metals. 

MRS. B* 

Not entirely; they are found, though in very 
minute quantities, both in the vegetable and animal 
kingdoms. A small portion of earths and sulphur 
enters also into the composition of organized bodies* 
Phosphorus, however, is almost entirely confined to 
the animal kingdom ; and nitrogen, with but few 
exceptions, is extremely scarce in vegetables. 

Let us now proceed to examine the nature of the 
three principal materials of the animal system. 

Gelatine^ oxjeUjf^ is the chief ingredient of skin, 
and of all the membranous parts of animals. It 
may be obtained from these substances under the 
forms of glue, size, isinglass, and .transparent jelly. . 

CAROLINE. 

But these are of a very different nature ; diey 
cannot therefore be all pure gelatine. 
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MRS. B. 

Not entirelyt bot very nearly so. C^ae is ex* 
tracted frofn the skin of animals. Siase, cidier from 
skin in its natural state, or from leather. Isif^;last 
consists of the gelatine obtained from a particolar 
species of fish ; it is, you know, of this substance 
that the finest jdly is made, and this is done by 
merely dissolving the isinglass in boSing water, and 
allowing the solution to congeaL 

EMILT. 

The wine, lemon, and sfnces, are, I saj^iose, 
added only to flavour die jelly ? 

MRS. B* 

Exactly so. 

CAROLINE. 

But jelly is often made of hartshorn shavings^ 
and of calves feet ; do these substances contain ge- 
latine ? 

MRS. B. 

Yc8. Gelatine may be obtained fiom almost 
any animal substance, as it enters more or iess into 
the composition of all of them. The process for 
obtaining it is e)Ctremely sinople, as it consists merely 
in boiling the substance that contains it with water. 
The gelatine dissolves in water, and may be obtain- 
ed of any degree of consistence or strength, by 
evaporating this solution. Bones in particular pro* 
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duce it very f lentifuUyy as they consist of phosphat 
of lime combined or cemented by gelatine. HotnSf 
which are a species of bone, will yield abundance of 
gelatine. The horns of the hart are reckoned to 
produce gelatine of the finest quality ; they are re^ 
duced to the state of shavings in order that the jelly 
may be more easily extracted by the water. It is of 
hartshorn shavings that the jellies for invalids arc 
usually made, as they are of very easy digestion. 

CAROLINE. 

It appears singular that hartshorn, which yidda< 
such a powerful ingredient as ammonia^ should 
at the same time produce so mild and insipid 
a substance as jelly ? 

MRS. B* 

And, what is more surprising, it is from the ge- 
latine of bones that ammonia is produced. You 
must observe, however, that the processes by which 
these two substances are obtained from bones are 
very different. By the simple action of water and 
heat, the gelatine is separated ; but in order to pro<* 
. cure the ammonia, or what is commonly caUed 
hartshorn, the bones must be distilled^ by which 
means the gelatine is decomposed, and hydrogen and 
nitrogen combined in the form of ammonia. So that 
the first operation is a mere, sei^aratioa of ingre* 
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dientty vMkl Ae second requires a cfaemical decora* 
potidoii. 

CAROLINJC. 

But when jelly is made from hartshorn ^laraigSy 
what becomes of the pbosphat of lime indiicfa con* 
stitutes the odier part of bones i 

MRS. B. 

It is easily separated by straining* Bat the jeMy 
is afterwards more perfectly purified, and rendered 
transparent, by adding white of egg, which being 
coagulated Iqr heat, rises to the surface along vnih 
any impmkick* 

I wonder that bones are not used by die cam% 
mon people to make jelly ; a great deal of whole- 
some nourishment might, I should suppose, be pro- 
eored from them, though the jelly would perlnps 
not be quite so good as if made from- hartdiora 
Savings i 

MRS. B. 

There is a kind of prejudice amongst the pMr 
against a species of food that is usually thrown to the 
dogs ; and as we cannot expect them to enter into che- 
mical considerations, it is in some degree excusable.* 
Besides^ it requires a prodigious quantity of fuel' to 
dissolve bones and obtain the gelatine from them. 

The solutioa of bones in wmtar is greadjp promoted 



811 

by- an accumulation of heat* This may be effiscc* 
cd by means of an extremely strong metallic ves* 
sel, called PapirCs digester^ in which the bones 
and water are enclosed, without any possibility of 
the steam making its escape. A heat can thus be 
applied much superior to that of boiling water i 
and bones, by this means, are completely reduced 
to a pulp. Bvit the process still consumes too 
much fuel to be generally adopted amongst the lower 
dassea. 

CAJtOLINE. 

. And wby should not a manufacture be established 
for grinding or macerating bones, or at least for re^ 
ducing them to the state of shavings, when I sup* 
pose they would dissolve as readily as hartsbom 
shavings. 

MAS. B. 

Indeed I see no objection to this plan, if the pre>» 
judices of the vulgar could be overcome ; but this 
would be a difficult matter, for I have even heard it 
objected to Papin's digester, that by the use of food 
Aus prepared, the flesh of those feeding upcm it 
would become ossified. 

CAROLINE. 

But these prejudiced people might easily see that 
the flesh of dogs, who feed chiefly on bones, is ooC 
ossified. Besides it would noft be difficult to convinco 
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them that the real bony matter, the phosphat of lime, 
is deposited and forms no part of the jelly* 

EMILY. 

And when jelly is made of isinglass does it leave 
no sediment? 

MRS. B* 

No ; nor does it so much require clarifying, as it 
consists almost entirely of pure gelatine, and any 
foreign matter that is mixed with it, is thrown off 
during the boiling in the form of scum.-— These are 
processes which yoo may see performed in great 
perfection in the culinary laboratory, by that very 
able and most useful chemist the cook. 

CAROLINE. 

To what an immense variety of purposes che* 
mbtry is subservient ! 

EMILY. 

It appears, in that respect, to have an advantage 
over most other arts and sciences ; for these, very 
often, have a tendency to confine the imagination 
to their own particular object, whilst the pursuit of 
chemistry is so extensive and diversified, that it in- 
spires a general curiosity, and a desire of inquiring 
into the nature of every object. 
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I so^ose diat soup is tikewtae cotxrpaatd of 
tine ; for, inrfacn cM^ it ofisa wtHiUft die 
sistence of jelly ? 



Yes; aD soi^ contain a qoandty of gdadoe ob- 
tained from meat; and Sssatwoi in water* And tbe 
varions kinds of portable soaps consist almost en- 
tirely of concentrated jefly, whicb, in order to be 
made into soap, reqimcs' only to be disBolTed in 
water* 

Gelatine, in its solid state, is a semidacdle trans* 
parent snbstance, witbont either taste or smelL 
When exposed to heat, in contact with air and wa* 
ter, it first swdls, dien fines, and finally bums* 
Yon may have seen the first part of this operation 
performed in the carpenter's ^ne-pot. 

CAROLINE. 

But you said that gelatine had no smelly and glue 
has a very disagreeable one. 

Glue is not pure gelatine ; but like size, the smell 
of which is still more offensive, it retains some 
other particles of animal matter. 

Gelatine may be precipitated from its solution in 
water by alcohoL— We shall try this experiment 
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with a glass of warm jdly.— You sec that the ge- 
latine subsides by the unioti'^of the alcoh<d and the 
water.— 

EJIILY. 

How » it, then, that jelly is fiavouredwidi wine, 
without producing aay precipitation ? 

MRS* B. 

Because die alcohol contained in wine is alreadj 
combined with water and other ingredients, and ii 
dierefore not at libeity to act upon the* jelly as whea 
in its separate state. Gdatihe is soluble both ia 
acids and in alkalies; the former, you know, are 
frequently used to season jellies. 

CAROLINE. 

Amongst die combinations of gdatine we must 
not forget one which you formerly mentioned : that 
with tannin, to form leather. 

ASRS* B* 

True ; but you must observe, that leather can be 
produced only by gelatine in a membranofus state ; 
for though pure gelatine and tannin will produce a 
substance chemically similar to leadier, yet the tex- 
ture of the skin is requisite to make it answer the 
useful purposes of that substance. 
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The next atiimsJ substance we are to examine is 
albumen : this, although constituting a part of most 
of the animal compounds, is frequently found insu- 
lated in the animal system ; the white of egg, for 
instance, consists almost entirely of albumen.; die 
substance that composes the nerves, the serum, or 
white part of the blood, and the cu^ of milk, are 
little else than albumen variously modified. 

In its most simple state, albumen appears in the 
form of a transparent viscous fluid, possessed of no 
distinct taste or smell ; it coagulates at die low teoir 
perature of 165^, and, when once solidified, it will 
never return to its fluid state. 

Sulphuric acid and alcohol are each of them ca* 
pable of coaguladng albumen in the same maimer 
as heat, as I am going to show you—* 

EMILY. 

Exactly so.-— Pray, Mrs. B., what kind of action 
is diei*e between albumen and water i I have some^ 
«. times observed, that if the spoon with which I eat 
an egg happens to be wetted, it becomes tarnished. 

It is because the white of egg (and, indeed, albu- 
tnen in general) contains a little sulphur, which, at 
the temperature of an egg just boiled, will decompose 
the drop of water that wets the spoon, and produce 
sulphurated hydrogen gas, which has the property of 
tarnishing silver. 



216 
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gstb/er; it a dK eaBBtiai cmBiiUHB i it rf anada or 
tesby m which k h odaed vndk ^aad aaftcnrf bf ge- 
latine;. It ift iawinUe both m wster and akohol, 
bur wlphoric acid omwcui it ints a HiUMaiMT toj 
analogxHutD gEfaffne. 



Thete are die gwcmiat and geaeral iagrcdicna 
«£ aflimai matter ; but diere are ctfaer sdbstaiiceSy 
^Hiicb, diooj^ HOC pecxiSar to the ammal system, 
wnally enter into its compositioii, such as oils» 
add^ salts. See, 

jfninud ml in tiac chief cooadtnent of &t ; it is 
contained in abondsuurc in the cream of milk* 
whoice it is obtained in the form of batter. 

EMILY. 

Is animal oil the same in its composition as vege* 

tMt oils ? 

i 

MBS. B. 

Not the same, but very analogons. The chief £f- 
ference is that animsd oil contains nitrogen, a prin* 
ciple which seldom enters into the composition of 
vegetable pilst and never in so large a proportion. 

There arc a few animal acids, that is to say 
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«cids peculiar to animal matter, from which they 
are almost exchisirely obtained. 

The animal acids have triple bases of hydrogen, 
carbone, and nitrogen. Some of them are found 
native in animal matter ; others are produced during 
Its decomposition. 

Those that we find ready formed are : 

The . bombic acid^ which ]« obtained from silk 
worms. 

The formic, acid^ from ants. 

The lactic acidf from the whey of milk* 

The sebacicj from oil or fat. 

Those .produced during the decomposition of ani- 
mal substances by heat, are the prussic and zoonto 
acids. This last is produced by the roasting cC 
meaty and gives it a brisk flavour. 

CAROLINE. 

The class of animal acids is not very extensive. 

JnRS. S. 

No; nor are'lhey, generally speakifig, of great 
importance. The prussic acid is, I think, the only 
one sufficiently interesting to require anyfuither 
comment. It can be formed by sui artificial pro* 
cess, without the presence of any animal matter. 
But it is commonly obtained from blood, by strongly 
heating that substance with caustic potash; the 
alkali attracts the acid from thfe blood, and fonm 

TOL. II. L 
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with it a prussiai ^ fotasJu FroQi this state of 
eombinadon the pnissic aci4 caii be obtained pure 
bj means of othec substances which have the pQwer 
of sepaxatjtiog it from the alkali. 

EMILY. 

But if this aicid does not eadst leady fcnmed in 
.Uoodf how can. the aUali attract it from il? 

c 

MBS^ B. 

It Is the trii^ basis only of this acidthat exSts in 
the blood ; and this is devek^ed and brought to the 
state of acid, during the combustion. The acid there- 
fore^ i^ fil!^ fonped^aiidit afterwards combines with 
tfaepoti^^ 

EMILY. 

Now I comprehend it. But how can die prussic 
acid be artificially ma& ? 

MRS. B. 

By passing ammoniacaf gas over red hot char- 
.«oal ; and hence we learn that the cpasdtu'ents of 
diis acid are hydrogen, nitrogen, and carbons The 
two fisst are deriyed from ^ volatile alkali, die 
last from thp qo^bustion of the. oharcoaL . 

CAROLINE,.. 

Bv( diis does not accord with, the system o£ oxy- 
Sniibdog the indispensable principle of acidity ? 
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MRS. B. 

It IS true ; and this circumstanGey together with 
.some others of the same kind, has led sevemi Ghe^- 
mists to suspect that oxygen may nbt be the sole 
^nerator of acids, and that acidity may possibly 
liepend rather o& the arrangenient than on the pre* 
sente of any particular principles. 

CAJIOLINE. 

I do not like that idea. For if it were founded; 
all our theory of chemistry must be erroneous. 

MRS. B. 

The objection is yet so new and unconfirmed by 
common experience, that I confess I do not feel in- 
clined to distrust the general doctrine of acidifica« 
rion which we have hi4l)efto adopted. But we have 
not yet done with the pnissic acid. It has a strottg 
affinity for metallic oxyds^ and precipitates the s<riu«> 
* tioiis of iron- in acida of a blue colour. This i$ 
the prussiair Use, or pnissiat of iron, so much used 
in the arts, and with which I think you must be 
acquainted. 

EMILY* 

YeSy I am ; it is much used in painting, both in 
oil and ia water colours ; but it is not reckoned a 
permanent oil colour. 
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of irony dooe br oqiQfBnt r> the 

duallj darkens, and in a ibTct dac k no loiter 

hanaonj^ widi dbe odicr cokms of die painting. 



CAftOI^IKE. 

But it can never become dauker, by exposure to 
tne aimoqihere, tfaan die tnie prussian Wuc, in which 
the oxjrd is paiccdy satniated? 

MRS. B. 

Certainly not. But in painting, the artist not' 
reckonuig i^on one of his colours changing, gives 
his Uue nnts diat particular shade which harmonizes 
widi the rest of the picture. If, afterwards, those 
tints become darker, die hannooy of the colouring 
iiHist necessarily be destroyed* 

CAROLINE. 

Pray, of what nature is the paint called cannine ? . 

MRS. B. 

It is an animal colour, prepared from cochineal^ , 
an insect, the infusion of which produces a very 
beautiful red. 

CAROLINE. 

Whilst we are on the subject of colours, I should 
like to learn what ivory black is ? 
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.MRS* S« 

That defect arises, I believe, in general, from ks 
being 'badly prepared, which is the case when die 
iron is not so fully oxy dated as to form a nd 
oxyd. For a solution of green oxyd of iron (in 
.which the metal is more slightly oxydated), makes 
only a pale green, or even a white precipitate, with 
prussiat of potash; and this gradually changes to 
blue by being exposed to the air-<->«s t can im* 
mediatdy show you«» 

CAROLINE. 

It already begins to assume a pale blue colour. 
But how does the air produce this change i - 

jMRS* B* 

By oxydating the iron more perfectly. If we 
pour some nitrous acid on it, the prussian blue co- 
lour will be immediately produced, as the acid will 
yield its o^Lygen to die precipitate, and fully satwsatc 
it with this principle— -as you shall see— 

CAROLINE. 

It is very curious to see a colour change ao m* 
stantaneously. 

xttRS. B* 

Hence you perceive that prussian blue caanolr be 
a permanent colour unless prepared with red oxyd 
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of iron, since by exposure to the atmosphere it gra- 
ddally darkens, and in a short time is no longer in 
harmony with the other colours of the painting. 

CAROLINE. 

But it can never become darker, by exposure to 
the aHYlosphere, than the true prussian blue, in which 
the oxyd is perfectly saturated? 

MRS. £. 

Certainly not. But in painting, the artist not' 
reckoning upon one of his colours changing, gives 
bis blue tints that particular shade which harmonizes 
with the rest of the picture. If, afterwards, those 
tints become darker, die harmony of the colouring 
must necessarily be destroyed. 

CAROLl^NE. 

Pray, of what nature is the paint called carmine ? , 

MRS. B. 

It is an animal colour, prepared from cochineal^ ^. 
an insect, the infusion of which produces a very 
beautiful red. 

CAROLINE. 

Whilst we are on the subject of colours, I should 
like to learn what ivory black is ? 
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MRS. B. 

It is a carbonaceous substance obtained by tbe 
combustioQ of Ivory. A more commoQ species of 
black is obtained from the burning of bone. 

CAROLINE. 

But during tbe combustion of ivory or bQae» the 
carbone, I should have ims^ined, must be^converted 
into carbonic acid gas» instead of this black sub- 
stance ? 

lnRS« Bm 

In tbisy as in most combustions, a considei:able 
part of the carbooe is fitmply volatilized by the heat» 
and ag^n pbtain^d cpncTi^te oa cooling. This co« 
lour, therefore, may be called the soot produced by 
the burning of ivory or bone. 
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CONVERSATION XXI, 

O^ THE ANIMAL ECONOMY. 



MRS. B* 

We have now acquired some idea of the various 
materials that compose the animal system ; but if 
you are curious to knotv in what maiilner these 
S4ibstances are formed by the animal orgaos> ftom 
ve^taUey as well as from i^nimal substajices; it will 
be necessary to have some pnevtoiis knowktlge of 
the nature and functions of these organs^ %viihout 
which it is impossible to form any distinct idea of 
the processes of animalization^ and nutrition. 

CAROLINE. 

I do not exactly under^od the tueaningof the 
word animalization ? 

MRS* B* 

Animalization is the process by which the food 
is assmilai€d9 that is lo t^yk ct^nvcrted ialo animal 

L4 
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matter; aad nutrition is that by which the food 
thus assimilated is rendered subservient to the pur- 
poses of nourishing and maintaining the animal 
system* 

EMILY. 

This, I am sure, must be the most interesting of 
all the branches of chemistry ! 

CAROLINE. 

So I think ; particularly as I ekpect that we shall 
hear something of the nature of respiration^ and of 
the circulation of the blood? 

MRS. B. 

These functions undoubtedly occupy a nx>st im- 
portant place in the history of the animal economyy^* 
But I must previously gi^e you a very short account 
of the principal organs by which the various operations 
of the animal system are performed. ^rThese are : 
The BoneSf 

Muscles f 

Bipod vessels. 

Lymphatic vessels, 

Glafids, and 

Nerves. 

« 

The bofies are the most solid part of th^ animal 
frame, and in a great measure det€fmine its form 
and dimensions. You recollect, I suppose^ what 
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are the ingredients which enter into their com- 
position ? 

CAROLINE. 

Ye8 ; phosphat of lime, cemented by gelatine* 

• r 

MRS. B. 

During the earliest period of animal life they 
consist almost entirely of a gelatinous membrane of 
the form of the bones, but of a loose spongy tex- 
ture, the cells or cavities of which are destined to 
be £lled with phosphat of lime ; it is the gradual 
acquisition of this salt which gives to the bones 
tlieir subsequent hardness and durability. In&nts 
first receive it from their mother*s milk^ and after- 
wards derive it from all adimal and from most v^ge* 
table food, especially farinaceous substances, such as 
wheat flour, which contain it in sensible quantities. 
A portion of the phosphat, after the bones of the 
infant have been sufficiently expanded and solidified, 
is deposited in the teeth^ which consist at first of 
only a gelatinous membrane or case, fitted for the 
leception of this salt; and which, after acquiring 
hardness within the gum, graduallyfrotnide from it. 

CAROLINE. 

How very curious this is ; and how ingeniously 
nature has first provided for the solidification of 
such bones as are immediately wanted, and after^ 

h5 
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XK'ards -for the formation of the teeth, which wonH 
not only be useless, but detrimental in infancy ! 

MR^. B. 

In quadrupeds the phosphat of lime is deposited 
also in their horns, and in the hair or wool with 
which they are generally clothed. 

In birds it serves to harden the beaks and the 
quills of their feathers. 

When animals -are arrived at a state of maturilv, 
and their bones have acquired a sufficient degree of 
solidity, the phosphat of lime which is taken wirfi 
the food is seldom assimilated, excepting when the 
female nourishes her young ; it is then all secreted 
hito the milk, as a provision for the tender bones 
of the nursling. 

EMILY. 

So that whatever becomes superfluous to one 
being, is immediately wanted by another ; and the 
child acquires strength precisely by the species of 
nourishment which is no longer necessary to the 
mother. Nature is, indeed, an admirable economist ! 

CAROLINE. 

Pray, Mrs. B.» does not the disease in the bones 
of children, called the rickets, proceed from, a defi- 
ciency of phosphat of lime ? 
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MRS. B. 

I have heird that this disease may arise front two 
causes ; it id Sometimes bccasloned by the growth 
of the muscles being too rapid in proportion to that 
of the bones. In this case the weight of the flesh 
is greater than the boiies can support^ and presses 
upon them so as to produce a swelling of the joints^ 
^hich is the great indication of the rickets. The 
other cause of this disoMer is an imperfect dig^6tioii 
and assimilation of the food, attended with an Excess 
of acid, which counteracts the formation of phoH^at 
of lime. In both instances, therefore, care should 
be taken to alter the child's diet, not merely by in- 
creasing the quantity of alirtient containing phos- 
phat of lime, but also by avoiding all food that is 
apt to turn afcid on the stomachy and to prodtice 
indigestion. But the best preservative against com«^ 
plaints of this kind is, no doubt, good nursing;- 
when a child has plenty of air and exercise, the 
digestion and assimilation will be properly perfoinn- 
ed« no acid will be produced to intertupt thes^ 
functions^ and the muscles and bones will grcNr 
together in just proportions. 

CAROLtKK. 

I have often heard the rickets attributed to l/ad 
nursing, but I never could have guessed what con-- 
nection there was between exercise zti the fdtma^ 
tion of the bones. 

l6 
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Exercise is geseraUy beneficial to all die animal 
funcdooi. If maa is drsrineii to labour for his 
snbsislpncc, die bread wbicb he earns is scarcdy 
more essential to his healdi and preservation than 
die exertiaos bj which he obtains it. Those whom 
the gsfts of fortune hsive placed above die necessity 
of bodily labour, are compelled to take exercise in 
some mode or odier, and when they cannot con- 
vert it into an amn s cme nt , diey most submit to it 
as a task, or their health vriti soon experience the 
effects of dieir indolence. 

EMILY. 

That will never be ray case : for exercise, unless 
it becomes fiidgoe, always gives me pleasure ; and, 
so £ar from being a task, is to me a source of daily 
enjoyment. I often think what a blessing it is» that 
exercise, which is so conducive to health, should be 
so delightful ; whilst fatigue, which is rather hurt- 
ful, instead of pleasure, occasions painful sensations* 
So that fatigue^ no doubt, was intended to mo- 
derate our bodily exertions, as satiety puts a limit to 
oor appetites ? 

MRS* B. 

Certainly t-^But let us not deviate too far from our 
subject.— "The bones are connected togedier by liga- 
ments, which consist of a white thick flexible sub- 
stance^ adhering to their extremiC)c«^^ so ^f t^ ^rwo 
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tbe joints firmly, though wrtthout impeding their 
motion* And the joints are moreover covered by a 
solid, smooth, elastic, white substance, called carii* 
Jaget the use of vrhich is to allow, by its smooth* 
ness and elasticity, the bones to slide easily over 
obe another, so that the joints may perform their 
office without difficulty or detriment/ 

Over the bones the muscles are placed ; they 
consist of bundles of fibres which terminate in a 
kind of string, or ligament, by which they ftre fas- 
tened to the bones. The muscles are the organs of 
motion ; by their power of dilatation and contrac- 
tion they put into action the bones, which perform 
the office of levers, and give to the body its external 
form. The muscles are of various degrees of strength 
or consistence in difierent species of animals. The 
mammiferous tribe, or those that suckle their young, 
seem in this respect to occupy an intermediate place 
between birds and cold-blooded animals, mch as rep* 
tiles and fishes. 

BMILY. 

The dilFerent degrees of firmness and solidity* in 
the muscles of these several species of animals pro- 
ceed, I imagine, from the di6Ferent nature of the 
food on which they subsist } 

MRS. B- 

• No ; that is not supposed to be the case : for the 
human species, who are of the mammiferous tribe. 
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live on more substdadal food than birdi^ and 
yet the latter exceed them iil muscf^ikt strengdi. 
We shall hereafter attempt to account for tbb dif^^ 
ference ; but \tt us now proceed in the examination 
of the animal functions. 

The ntxt class of organs is that of the vessels 
of the body, the offici of if^hith is to convey 
the various fluids throughout the frame* These 
yesstis are innumerable. The most considerable of 
them are those through which the blood* circidates* 
which are of two kinds : tbi Mrteriesi which con- 
vey k froitk the h^art.to the extremities of the body, 
and |be v^inSf which bring it back into the heart. 

Besides thescy there are a numerous set of snniH 
transparent vessels, destined to absorb and tonvcy 
different fluids into the bH>o4; they are gtoerally 
called the absorbent or lymphatic Vessels : but it is 
to a portion of them only chail the funccioti of con* 
veying into the blood thb flUid . called lymph is 
assigned. 

Pray what is the natnrd of that fiuid ? 

MRS. B. 

The nature and use of the lymph hive, I belifeve^ 
never beeiwperfectly ascertained ; but it is supposed 
to consist of matter that has been previously animaliz- 
edy aifKl which^ after a nsv^ering the purpose for which 
it vid^ intenditdiiikust in fegular Fotafion niake way for 
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the fresh lupplies producrd by nourishment, f he 
lymphatic vessels pump up this fhiid from every 
part of the system, and convey it into the veins to 
be mixed with the blood which runs through them, 
and which is commonly called venous blood. 

CAROLINE. 

Bat does it not again enter into the animal sys- 
tem through that channel ? 

MRS. B. 

Not entirely ; for the venous blood does not re- 
turn into the circulation until it has undergone ^ 
peculiar change, in which it throws off whatever is 
become useless. 

Another set of absorbent vessels ptimp up th6 
ckyle from the stomach and intestines, and convey 
it, after many circumvolutions, into the great vein 
near the heart. 

SMILV. 

Pray what is chyle f 

Mrs. b. 

It is the substance into which food is converted 
by digestion. 

CAROLIKE. 

One set of the absorbent vessels, then, is employ- 
ed in bringing away the old materials that are no 
longer fit for use ; whilst the other set is busy in 
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cofiTeyiog into die Hood the new oniank dut aie 
to rq>lace tbcnu 

£MII,T. 

What a great Taricty of ingrcdienCs mast enter 
into the composition of die blood ! 

MRS* B. 

Yott must observe that diere is also a great^va- 
riety of substances to be secreted from it. We may 
compare the blood to a general receptacle or store- 
house for all kinds of commodities, which are after- 
wards fashioned^ arranged, and disposed of as cur- 
cumstaoces require. 

There is another set of absorbent vessels in fe- 
males which is destined'to secrete milk for the nou- 
rishment of the young. 

EMILY. 

Pray is not milk very analogous in its composi- 
tion to blood ; for, since the nuisling derives its 
nourishment from that source only, it must contain 
every principle which the animal system requires? 

MRS* Bj* 

Very true» Milk is found,, by its analysis, to 
contain all the principal materials of animal matter,, 
gelatine, albumen, oU, and phosphat of lime ; so that 
the suckling has but little trouble to digest and assi- 
milate this nourishment.— But we shall examine the 
composition of milk more fully afterwards. 
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In many parts of the body numbers of small ves- 
sels are collected together in little bundles called 
glandSf from a Latin word meaning acorn^ on ac- 
count of the resemblance which some of them bear 
in shape to that fruit. The function of the glands 
is to secrete^ or separate certain matters from the 
blood. 

Xhe secretions are not only mechanical, but che- 
mical separations from the blood ; for the substances 
thus formed, though contained in the blood, are 
not ready combined in that fluid. The secretion^ 
are of two kinds, those which form peculiar animal 
fluids, as bile, tears, saliva, &c. ; and those wiiich 
produce the general materials of the animal systen^, 
for the purpose of recruiting and nourishing the 
several organs of the body ; such as albumen, gela- 
tine, and fibrine ;. the latter may be distingubhed by 
the name of nutritive secretions. 

CAROLINE. 

I am quite astonished to hear that all the secre- 
tions should be derived from the blood. 

* 

EMILY. 

I thought that the bile was produced by die 
liver ? 

MRS. B. 

So it is; but the liver is nothing more Aan a 
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very lar^ glaad, ^hkh secrefcs the tsSe from (he 
blood. 

The last of the.aoimal organs which vve have 
mentioned arc the nerves ; these are the vehicle of 
sewattoii, every other part of ^ body bei^ of 
itsdfi totally insensible. 

CAROLINE. 

TJiey m\Kl tlien be spread thr ough^ut every pait 
of the frame, for we are every wha^ sttsccftible oi 
feeling. 

EMILY. 

£xceptis^ the nails and the hatr. 

MRS. B. 

And those ai« alntosc the only parts ia whic^i 
nerves cannot be discovered. The common source 
of all the nerves is the brain; thence they de-> 
scend through the back bone, and extend them- 
selves by innumerable ramifications throughout 
the whole body. They spread themselves over the 
muscles, penetrate the glands, wind round die 
vascular system, and even pierce into the interior of 
the bones. It is most probably through them that 
^ communication is carried on between the mind 
and the other parts of the body ; but in what ivsua* 
ner they are acted on by the mind, aad made to re- 
tct Oft the bodyi is $tiU a profoi^d secret. Many 
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hypotheses have been formed on this very obscure 
subject, but they are all equally improbable, and it 
would be useless for us to waste our time in com* 
jectures on an inquiry, which, in all prohabHity^ is 
beyond the reach of human capacity. 

CAROLINE. 

But you have not mentioned those particular 
oerves that form the senses of hearing, seeing, smell* 
ing, and tasting ? 

MRS. B« 

They are considered as being of the same nature 
as t!hose which are dispersed over every part of the 
body, and constitute the general sense of feeling. 
The different sensations which they proiluce arise 
from their peculiar situation and connection with 
the several organs of sight, taste, smell, and bearing. 

EMILY. 

But these senses appeal^ totally different from that 
of feeling ? 

MRS. B. 

They are all of thrnn sensations, but variously 
modified according to die nature of the difieitnt 
organs in which the nerves are situated, F6r, at 
we have formerly observed, it is by contact only 
that the nerves are affected* Thus odoriferous par* 
ticks most strike upon -the nerves of the nose ia 
order to excite the sense of smelling, in die same 
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manner that taste is produced by the particular sob- 
stance coming in contact widi the nerves of the 
palate. It is thus also that the sensation of soutid 
is produced by the concussion of the air striking 
against the auditory nerve ; and sight is the effect 
of the light falling upon the optic nerve. These 
various senses, therefore, are aflFected only by the 
actual contact of particles of matter, in the same 
manner as that of feeling. 

The different organs of the animal body, thougb 
easily separable and perfectly distinct, are loosely 
connected togedier by a kind of spongy substance^ 
in texture somewhat resembling net-work, called 
the cellular membrane; and the whole is covered 
by the skin* 

The skin^ as well as the bark of vegetables, lis 
formed of three coats. The external one is calkd 
the cuticle or epidermis ; the second, which is called 
the mucous membrane^ is of a thin soft texture, 
and consists of a mucous substance, which in negroes 
is black, and is the cause of their skin appearing of 
that coloui# 

CAROLINE. 

Is then the external skin of negroes white like 
ours? 

MRS. B. 

Yes ; but as the cuticle is transparent, as well as 
porous, the blackness of the mucous membrane is 
visible through it. The extremtries of the nerves 
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aire spread over this skin, so that the sensation of 
feeling is transmitted through the cuticle. The in* 
tcxnal covering of the muscles^ which is pro* 
perly the skin, is the thickest, the toughest, and 
most resisting of the whole ; it is this membrane 
which is so essential in the arts, by forming leather 
when combined with tannin. 

The skin which covers the animal body, as well 
as those membranes that form the coats of the ves- 
sels, consist almost exclusively of gelatine ; and are 
€:apable of being converted into glue, size, or jelly. 

The cavities between the muscles and the skin 
are usually filled with fat, which lodges in the cells 
of the membranous net before mentioned, and gives 
lo the external form (especially in the human figure) 
that roundness, smoothness, and softness, so essen- 
tial to beauty. 

EMILY. 

And the skin itself is, I think, a very ornamental 
piot of the human frame, both fit>m the fineness 
of its texture, and the variety and delicacy of its 
tuits. 

MRS. B. 

This variety and harmonious gradation of co- 
lours, proceed, not so much from the skin itself, as 
from the internal organs which transmit their se-i 
veral colours through it, these being only softened 
by the colour of the skin, which is uniformly of 4 
ysUowish white* 
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Thti» modtficdy the darloKss of thc>TVifl» appesrs 
of a pale Uue cokmr, and the floridnoai^of the ait^^ 
rier i» changed to a ddicate {»iik» Iifi the most 
tfanspaient parts, the skin exhibits- the bloom of 
tlie rose, w&alst*where it is more opaque its own 
cuIqui: pixElaminates ; and at the jsJntSy "vvftere the 
bones are most prominent, their whiteness- is often 
fiscemibie^ In a word, every part of the bvman 
frame seems m contribute to its* external grace; 
and this not merely by prodoeing a pleasing^ variety 
of tints,, but by a pecnliaF kind of beauty which be* 
longs to each individttai part. Thus it is to the soli- 
£ty and arrangement of the bones that the human 
figure owes: the grandeur of jts-stmnre, and its firm 
and £gnifiied deportment. The muscles delineate 
the fbraiy and stamp it with energy and grace; and 
the sofr substance which is spread. orer them 
smooths their ruggedness, and gives to the contours 
the gentle unduktions of the line of beauty. Every 
Gi;gaa of sense is a peculiar and separate ornament; 
and.thcf skin,, which polishes the surface^ and gives 
it that charm of colouring so inimitable by art, 
finally conspires to render the whole the fairest 
work of. the creation. 

But now that we have seen in what manner the 
animal firame is formed, let us observe how it pro- 
tides for its support, and how the several organs, 
which form so complete a whole, are nourished 
and maintained. 
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This will lead us to a more particular explana* 
tioa of the internal organs : here we shall not meet 
^Dvith so much apparent beauty^ because these parts 
"were not intended by nature to be exhibited to 
view ; but thfi beauty of design, id the internal or- 
ganization of the animal frame, is, if possible^ still 
more striking than that of the external parts. 

We shatf defer this subject till X)nr next mter- 
Tiew. 
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CONVERSATION XXlI. 

ON ANIMALIZATION, .NUTRITION, AND 

RESPRIRATION. 



MRS. B. 

Ws have now learnt of what materials the ani- 
mal system is composed, and have formed some idea 
of the nature of its organization. . In order to com- 
plete the subject, it remains for us to examine in 
what manner it is nourished and supported. 

Vegetables, we have observed, obtain their nou* 
rishment from various substances, either in their 
elementary state, or in a very simple state of combi- 
nation; as carbone, water, and salts, which they 
pump up from the soil ; and carbonic acid and oxy« 
gen^ which they absorb from the atmosphere. 

Animals, on the contrary, feed on substances of 
the roost complicated kind; for they derive their 
sustenance, some from the animal creation, others 
from the vegetable kingdom, and some from bodi. 
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And there is one species of animals^ which, iM, 
satisfied with enpyiag either kind of food in its 
Minple state, has ioYentod the ait of coflBbiniog 
them t(q;elbcr in a thousaiid ways^ and of readsring 
evea the mineral kingdom sidiservient to tke^r re* 
Saements. 

Nor is this all ; for our dfdicacies are oolfected 
from the various climates of the earth, so that the 
foiK quarters of the globe are often obliged to con- 
tribottt to the preparation of our simplest did^ss. 

CAROLINE. 

But the very comph'cated substances which con* 
atitote the nourishmenc of animals, do not, I sup- 
pose, eater into their system in (heir actual state of 
eombination? 

AIRS* Ba 

So fax from it, that they not only undergo a new 
aifltHgem eat of their parts, but a sdcction is made 
of such as are most proper for the nourishment 
of the haijf and those only enter into the eystan 
and aro aoimtlned. 

And by what organs k this process performed > 

MRS. B. . 

Chieiy by ihe stomach, which is the o^gan of 
TOL. ir. M " 



S42 

digestion and the prime regulator of the animal 
frame. 

Digestion is the first step towards nutritkm. h 
consists in reducing into one homogeneous mass the 
various substances that are taken as nourishment; 
it is performed by first chewing and mixing the solid 
aliment with the saliva, which reduces it to a aoft 
mass, in which state it is conveyed into the stomach, 
where it is more completely dissolved by the gasiric 
juice. 

This fluid (which is secreted into the stomach by 
appropriate gbnds) is so powerful a solvent that 
scarcely any substances will resist its action. 

EMILY. 

The coats of the stomach, however, cannot .be 
attacked by it, otherwise we should be in danger of 
having them destroyed when the stomach was 
empty. 

MRS. B. 

« ■ * 

They are probably not subject to its action ; at 
least as long as life continues. But still it appears, 
that when the gastric juice has no foreign substance 
to act upon, it is capable of occasionii^ a degnae 
of irritation in the coats of the stomach, which 
produces the sensation of hunger. The gsc^ric 
juice, together with the heat and muscular action 
of the stomach, converts the aliment into an uni- 
form pulpy mass called chyme. This passes into 
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the intestines, where it meets with' the bile and 
some other fluids, by the agency of which, and by 
the operation of other causes hitherto unknown, the 
chyme is changed into chyle, a much thinner sub- 
stance, somewhat resembling milk, which is pumped 
up by immense numbers of small absorbent vessels 
spread over the internal sur&ce of the intestines* 
These, after many circumvolutions, gradually meet 
and unite into Iarge|branches,. till they at leiq;th col- 
lect the chyle into one vessel, which pours its coo* 
tents into the great vein near the heart, by which 
means the food, thus prepared, enters into the cir- 
cubuion. 

CAROLINE. 

But I do not yet clearly understand haw the bloody 
thus formed, nourishes the body and supplies all the 
-6ecretioiis ? 

MRS* B. 

Before this can be explained to you, you must 
first allow me to complete the formation of the 
blood* The chyle may indeed be considered M 
forming the chief ingredient of Uood ; but this fluid 
is not perfect until it has passed through the lungs, 
and undergone (together with the blood that has 
already circ«ibted) certain necessary changes that 
are eiitcted by rbspiration* 

CAROLINE* 

I am very glad that you are going to explain the 

M 2 
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natiire df reBpiiatien : I hate often longed to under* 
Mod ity for thoi^h we talk incesiEantly of brtedhiRg^ 
1 tusmr knew fcetMkj what purpose it answered. 

MRS* B, 

It is faideed one of the most interestisg processes 
imaginable ; but» in oidor to understand this fimc* 
tioo weliy it will be necessary to enter into wwac 
pvcfions' explanations. TcU me» Emily, what do 
yam understaad by respiration? 

EMILY. 

Respiration, I conceive, consists simply in alter* 
nately inspiring air into the lungs, and expiring 
ft&bsn&enu 

MRS. B. 

Your answer will do very well as a genei^ defi- 
nition. But, in order to form a tolerably clear no- 
tion of die various phenomena of respiration, Aere 
ate many ctrcuatstances to be taken into contidBsar- 

ison. 

In the first place, there are two things to be di^ 
tiogiitAed in respiration, the mechasmeal^ and the 
chemical part of the process. 

The mechamsm of brothing depends on die ai> 
temate expansions and contractions of die chest, in 
which the lungs are contained. When the chest 
dilates, the cavity is enlarged, and the air rushes in 
at the mouth, to fiU up the faouiNn foniiied by this 



2*5 

dilatation ; when it contnicl!i^ the cavity is diminish- 
^ and the ak farced out agam. 

CABOI.INS. 

I thought that it was the lungs that cantracted 
aad eaqpanded io hreatbing ? 

mrs« b» 

They do likewise ; but their action is cwly tb# 
consequence of that of the chest. The lungs, to- 
gether with the heart and largest blood vessels, in a 
jnanner fill up the cavity of the chest ; they could 
fMt therefore, dilate if the chest did not previously 
caqpand ; and, on the other hand, when the chest 
contracts, it compresses the lungs and forces the air 
•out of them. 

CAROLINE. 

The lungs, then, are like bellows, and the chest is 
the power that works diem* 

Mas. a. 

Bredsdy so« Here is a curioas little figure 
(Plate XI. Fig. 29,)« that will assist me in ea- 
flaaoing die laechaQifim of breathing. 

CAROLINE. 

What a droll figure ! a litde head fixed upon a 
flats bcK, widi a bladder tied over «ilie bottom of 

it! 

U 3 
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MRS. B. 

You must observe that there is anodier Uadder 
within the glass, the neck of which communicatsi 
with the mouth of' die figure-— this represents the 
lungs contained within the chest; the other bladder, 
which, you see, is tied loose, represents a muscular 
membrane, called the diaphragm, which separates 
chest from the lower part of the body. By the 
•the chest, therefore, I mean that large cavity in the 
upper part of the body contained within the ribs, 
the neck, and the diaphragm; this membrane is 
muscular and capable of contraction and dilatation* 
The contraction may be imitated by drawing the 
bladder tight over the bottom of the receiver, when 
the air in the bladder, which represents the lungs> 
will be forced out through the mouth of the figun 



EMILY. 

See, Caroline, how it blows the flame of the can- 
dle in breathing ! 

MRS. B. 

By letting the bladder loase again, we imitate the 
dilatation of the diaphragm, and the cavity of the 
chest being enlarged, the lungs expand and the air 
rushes in to fill them. 

EMILY. 

This figure, I think, gives a very clear idea of 
the process qf breathing. 
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MRS. B. 

It iUustiates tolererably well the action of the lungs 
and diaphragm ; but those, are not the only powers 
^hat are concerned in enlarging or diminishing the 
cavity of the chest ; the ribs are also possessed of a 
nauscular motion for the same purpose ; they are al- 
ternately drawn in edgeways to assist the contractiont 
and stretched out, like the hoops of a barrel^ to con- 
tribute to the dilatation of the chest. 

EMILY. 

V 

I always supposed that the elevation and depression 
of the ribs were the consequence, not the cause, of 
breathing. 

AlRSa B. 

It is exactly the reverse. The muscular action 
of the diaphragm, together with that of the ribs, are 
the causes of the contraction and expansion of the 
chest; and the air rushing into, and being expelled 
from the lungs, arc only consequences of those ac« 
tions. 

CAROLINE. 

I confess that I thought the act of breathing be* 

■ 

gan by opening the mouth for the air to rush in, 
and that is was the air alone, which, by alternately 
rushing in and out, occasioned the dilatations and 
contractions of the lungs and chest. 

MRS. B. 

Try the experiment of merely opening your 

M 4 
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mouth; the air will nof rtth in, til! by an interior 
mntft^ar ^k^6n ydu ptodnee a Tactrnm^^jrw, jost 
aOi your diaphi^agm is now ^keed, and die rite ex^ 
iHrfided. Attt you will not be aMe to k^ep them 
long m that state. Your hings and ehest are al* 
ready resuming their former atate, and expeHing the 
air with which they had just been filled. This me- 
chanism goes on more or less rapidly, but, in gene^ 
ral, a person at rest and in health will breathe be» 
tween twenty and thirty times in a minute. 

We may now proceed to the chemical efiecCs of 
tespiration ; btrt, for this purpose, it is necessary 
that yon ditndd previously have some notion of the 
circulation of the blood. Tell me, Caroline, what 
do you understand by the circulation of the blood? 

GAfkOMilft. 

• • • 

t am delighted that you come to (hat subject^ for 

it Is one that has long excited my curiosity. But I 
cannot conceive how it is connected with respira- 
tion. The idea I have of the circulation is, Siat 
he blood runs from the heart through the veins all 
over the body, and back again to the heart. 

AkrS. B* 

t could hardly have expected a better d^nidon 
from you ; it is, however, net quite correct, for you 
do not distinguish th<^ itfttries from the vdm^ 
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tioofu The arteries coavey iJk blopd from At 
l?uBart to $bc extrBmities of the boijf ; 'an4 tbie irciffi 
bing it Jback iato ibe beajt. 
. This sketch will giire yon an idba of the inaiMlpr 
io which some of 4hc {mncipal veins .and anteriei^ qf 
the hocnan hody branch out of the he«rt, mbkh 
puy be considered as a ^mmoa oentrc tp bolh «M 
of vessels. The heait is a kind of strong eiaaldf^ 
hag, or xnnscsilar cavity, which possesses a pow^ 4>f 
dilating and contxacting itself for the pyxjiooe «f aU 
lematcly jcceiving and epcpelting the blood, in or4^ 
Co. carry on the pcocess of circulation. 

EMILY. 

Why axe the arteries in tbi$ diawing jiaitrtod ipi^ 
and the <veias purple? 

MRS* B. 

It is to jpoint opt the difference of At coUnr of 
the blood in these two sets of vessels. 

CAEOUMS. 

But if it is the same blood that flows irom Jibo 
arteries into ^be vein^ how can its mIomt U^ 
chaqged ? 

MAS. B> 

. This icbas^ aovea 6om various oicwMtaMnu 
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In the first place; during its passage through the ar- 
terieSy the blcfod undergoes a considerable alteration, 
tome of its constituent parts being gradually sepa- 
rated from it for the purpose of nouriAing the 
body, and of supplying the various secretions. The 
consequence of this is that the florid arterial colour 
of the blood changes by degiiees to a deep purple, 
which is its constant colour in the veins. On the 
other hand, the blood is recruited during its return 
through the veins by the fresh chyle, or imperfect 
blood, which has been produced by food; and it 
receives also lymph from the absorbent vessels, as 
we have before mentioned. In consequence of 
these several changes, the blood returns to the heart 
in a state very different from that in which it left it. 
It is loaded with a greater proportion of hydrogen 
and carbohe, and is no longer fit for the nouiish- 
ment of the body or other purposes of circulation. 

EMTILY, 

And in this state does it mix in the heart with 
the pure florid blood that runs into the arteries ? 

MRS. B. 

No. The heart is divided into two cavities or 
compartitiohs, called the right and left ventricles. 
The left ventricle is the receptacle for the pure arte- 
rial blood previous to its circulation ; whilst the ve- 
nous, or impure blood, which retbrns'to the heart 
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ventricle, previous to its purification, which. I shall 
presently explain. 

CAROLINE. 

For my part, I always thought that the same 
blood circulated again aad again through the body^ 
without undergoing any change. 

MRS. B. 

Yet you must have supposed that the blood cir- 
culated for some purpose ? 

CAROLINE. 

I fcnew that it was indispensable to life; but had 
no idea of its real functions. 

MRS. B. 

But now that you understand that the blood 
conveys nourishment to every part of the body, and 
supplies the various secretions, you must be sensible 
that it cannot constantly answer these objects with- 
out being renovated and purified. 

CAROLINE. 

But does not the chyle answer this purpose ? 

MRS* B. 

Only in part. It renovates the nutritivk prin- 
ciples of the blood» but does not reiieTc it 6xim Urn 

M € 
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By RESPIRATION. This is one of the grand 
mysteries which modern chemistry has disclosed. 
W)ie«i ^ ^MUs ttooA ttaters the ieft Tentiicle of 
the heart, it contracts by iH ftttttcohr power> «Bd 
throws the blood through a large vessel into the 
lungS| which are cotttigooos, and through which it 
circulaies kj inllwM of smrril mmiScatiem. Heie 
it comes in contact with 4fae «fc which we iMtstbe* 
The action of the air or the blood in the lungs isp 
indeed, concealed from cfor immediate observation ; 
hit we »^ subk to £»a4i tolerably tfcosnite ju4g* 
imt of it ^om the changes ^wMch it cioots 001 
Mdy in the blood, b«t.aiw>iMi t!be«ir «x^Md» 

Tkis ak Ss firatid 10 t:ofilaf n «M ^ ftto^eft in^ 
spired, but tp have io6t {>ait of yfs oxygeft^ «mid %& 
have acquired a portion of watery vapour. Hence 
it is inferred, that wbcnthe air comes in contact with 
the vemras-UooidintlietengSj the oic^eft kfiracti 
from it the superabundant quantity of hydrogen and 
carbone with which it has impregnated itself durii^ 
the cirralation ; -and that 4)iie |»art ^of tbttt Oxygen 
fflimJ B ftfl i with the hydr^en, in dteform of wtrtery 
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vapour, whilst another .past combines with the car^* 
bone, which it converts tflito taifcoiuc add. The 
wMe of these prodvots being dwii eHpwt&y 4fa9 
blood is reitoircd to its fcnner piarity, lliat is to tht 
state of aBtnial Uool, and is thus again ttaMeil to 
pei&nn its various fuaoious. 

CAaox.iN£. 

This ^ tnAy wonderful ) Of all that wb Itisve 
ycft leaniady I do not recollect any thing that has ap- 
peared to me Sb cimous and in tde st iiq^ . I ahnoi^ 
believe that I diould like to study anatomy now, 
though I have hitherto had -so disgusting an idea of 
it. Pray, to wliom are we indebted for thttTe beau- 
itlM discoveries ? 

MRS* ». 

• 

Crawford, in fhis country, and Lavoisier, ttt 
France,- are the principal inventors of the theory of 
respiration. But the still more important and more 
admirable discovery of the crrctdation of Ihehlood 
was made long before by our immortal countryman 
Hatvey. 

EMILY, 

Indeed I never heard any thing that delighted me 
so much as this llieory of respiration. But I hope, 
Kirs. B., drat you will "enter a lifde merre into partr- 
ccAars before you dismiss so interesting a sobjectJ 
We left the Iflood in the hmgs to undergo the salu'- 
tary change. But liow does it thence spread to all 
the parts of the body i 
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JnltS* B* 

. After circulatiiig thoo^ the Inogs, the Uood is 
coPected into four large vessels, by which it is coa* 
veyed into the left ventricle of the heart, whence 
if. is propelled to all the different parts of the 
body by a large artery, wliich gradually ramifies 
into millions of small arteries through the whole 
frame. From the extremities of these little ramifi* 
canons the blood is transmitted to the veins, which 
bring it back to the heart and lungs, to go round 
again and again in the manner we have just de* 
scribed. You see, therefore, that the blood actually 
undergoes two circulations; the one, through the 
lungs, by which it is converted into pure arterial 
blood ; the other, or general circulation, by which 
nourishment is conveyed to every part of the body; 
and these are both equally indispensable to the sop* 
port of animal life. 

CAROLINE. 

Do we expire all the air that we in^ire, besides 
the addition of hydrogen and carbone which are 
taken up from the blood ? . 

MRS. B» 

Yes, excepting a small portion of the oxygen, 
which, as it does not reappear, is supposed to be ab- 
sorbed by the blood~for somepurposed which have not 
yet been clearly ascertained. The general opinioi^ 
however, is, that it serves to stimulate the heart and 
keep up its muscular action. <; 
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' And what becomes of tt|e nitrogen which con* 
atitutes the greatest portion of the air that we 
breathe ? 

MftS. B. 

It was supposed to be exph-ed from the lungs, 
with6ut any change or diminution. Yet it is now 
by many believed, and it actually appears by some 
of Mr. Davy's experiments on this subject, that a 
small quantity of nitrogen disappears in respiration, 
and cpmbiaes with the system in a manner which is 
not yet ^well understood ^. 

EMILY. 

But whence proceeds the hydrc^n and carbone 
with which the blood is impregnated when it comes 
into the lungs ? 

MRS. B* ' 

Both hydrogen and carbone exist in a greater 
proportion in blood than in organized animal mat* 
ter. The blood, therefore^ after supplying its vari- 
ous secretions, becomes loaded with an excess of 
these principles, which is carried off by respiration. 
But, besides this, the formation of new chyle affords 
a constant supply of carbone and hydrogen. 

* Whilst this sheet was printhlgy a paper has appeared m the 
AmmoIu dt CbimU^ No. 1S4, by Professor Pfaff, of Kiel, which 
confirms Mr. Dary's conclusions on the absorption of nitrogen in 
respiration* 
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• £Fa)r«k9w^bctlhetMr€Mitfft'CMIict«vttkAe 
Ubod ift die Jiaig^ ? 

MKS. B. 

I cannot answer thfc -qveation witfaoat entering 
imp fp ^aqplnnaricjB «f Ae oaum and urmcmrt o( 
llic;liiQglu You leoottect that •thevcsBOw Uood^oi 
hciag pmpd iei ikixa the right leoteicfep enim the 
l0^^to f^ dbron^ vhttt we joaaycaU Ae Iraser 
OTM l atwi ; ihe tege tnufc or ^viesaol Aitt conaeja 
ir^ bBwafafls ovt^ at its tannmst iatto the kmgi, iaia 
an infinite number of very.fiae jrainificatioDs. The 
windpipe, which conveys the air from the moulh 
into the lungs, likewise hranehes out into a corre- 
apwrriing nmmhtr<f air ineaiieis> -vRfaich faHow Ihe 
aune courfle as ihe Mood votseis, fcrmii^ milHom 
of very minute air cells. These two sets of veaaek 
are so interwoven as ID Ibrtti a sort of net-work, 
•anaeeted Mto a >kmd ef ispongy foasa, an arfsoch 
evoy pftftide «£ Uood must macosaaifty coaae im 
ciaafeaet with a ^ai^idb of :air^ 

CAROLJNC. 

fi(K sinoe the btood aadibeatraiiecaiitakKda* 
diffsrent i^essdb* how can ^bey cpmp mt» cmttad j 

'They act on each other .through Ae membrane 
which foims tl^ coats of these vessels ; for ^f^V^^ririr 
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this membrance preheats the Uood and the air irom 
acti^ly mixing teigeriiei' hi the iui^s, y«t it is ao 
impediment to their chemical action on each od»r»: 

EMILY; 

Are the lungs composed entirely of Uood vesidi 
and air vessels? 

MRS. B. 

I believe they are, with the addition only of nerves 
and of a small quantity of the cellolar substance 
before ihentioned, which connects tfc» whole into aa 
uaiform mass. 

EMILY. 

Pray» why are the lungs always spoken of in die 
^nral number? is there more than one? 

MRS. M. 

Yes; for though they form but one organ, they 
I'eally consist of two compartments called Jaies^ 
<which are enclosed in separate membranesror bag«> 
each occupying one side of the chest, and being m 
close contact with each other, but without commth- 
nicating together. This is a beautiful provision of 
nature, in consequence of which, if one 9( the 
lobes be wounded, the other performs the whole 
process of respiration till the first is healed. 

' Bvt, bdhre we frooeed ftfthtMr, I imnt infbrm 
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acquainted, simple 
as ir k, bas j|y&<u ap d to many philoso* 
ID «fp^«i all tiic pheDoroena of 
An:angst the TaiiGos mcxlifications 
wnii a fiev id in^irovc this theory, tLat 
inr La Gsm^ Hancnfettz, and some 
^mnifTr cbcmiss, aimcaTS to be tlie most im- 



vnTTsasL. Tns&f r^nt^mcn soppoK tiiat tfac oxygen, 
wriuzr asanpszn^ in le^iiiatian, is abscrbed by the 
:>..:j£^ SOL earned iriih ir into ibe circulatioii, 
Ciirmr viii^ ii ri*ai2£X*T cambincs with the hydro* 
Era. £fni: rzrDouf thai are snccffaaFcly added to die 
f.imirci: ^i£ ^m^ssT and carbonic acid 
r'.Tpriiri: r~aca ^ic hmgs at each eiq>ira- 
3IJXW TbiL> izir iLjL?y* , inAead of bang corniced 
ML "zjc Jir^r^ 2^ ^ic f inner thearr sopposes, only be- 
p^:» ji. ii^Li rrxn;, ans c c s adu ues thnmghoot die 

Ar^Tr£rD£ id ciis liir c Kt^ die nodd colour of ar- 
Berl^i jvccii .^t^^els ts^jq rrie «5d^an of oxygen, so 
laai C13 ccLj^f £r:ifi.^ i.t iv n^'ys as the blood 
pajies 6: jfn zZae xrr^a^jxi ta die resous sate, diat is 
to »T, 2S cLe oxTi^en cnxs% inzo combinatioa widi 
cbe hydrGgea aoi caii»ne during circolatioii. 

CAmOLIK£« 

There does not appear to me to be any very cs- 
Kotial diuSereiice in dicse two theories, since in both 
ibe oxygen parifics die blood by tymbinipg with 
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And carrying off the matter which had accumulated 
in it during circulation. 

MRS. B. 

• * 

Yes; but, in medical, or rather physiological 
science, it must be a question of great importance 
whether the oxygen actually enters the circulation, 
or whether it proceeds no further than the lungs. 

The blood, thus completed, forms the most com- 
plex of all animal compounds, since it contains not 
only the numerous materials necessary to form the 
various secretions, as saliva, tears, &c. but likewise 
all those that are required to nourish the several 
parts of the frame, as the muscles, bones, nerves> 
glands, &c. 

EMILY. 

There seems to be a singular analogy between the 
Wood of animals and the sap of vegetables; for 
each of these fluids contains the several materials 
destined for the nutrition of the numerous class of 
bodies to which they respectively belong. 

MRS. B. 

Nor is the production of these fluids in the animal 
and vegetable systems entirely different; for the ah* 
sorbent vessels, which pump up the chyle from the 
stomach and intestines, may be compared to the i^* 
torbeots of the rvots of ptants, v/bidk suek vp the 



ae urMiMtiet fimm «be soSL Aad AarmwAogf 
tween the tap and die hlooi flof be sill tmAa 
traced, if we follow the latter in tfar comse of in 
circulation; for» in the living animal^ we find cvoy 
where orgaas wbadi are | M .wwcd of a power to 
lecrete from ifae blood and appropdaae to tti i ■■ ■ ■1m 
the ingredieots leqdsite for their sii|iport. 

CAROLINE. 

But whence do these oigans derive their ic^e&- 
live powers ? 

MRS. B. 

From a peculiar organiiadon, the secxct of which 
no one has yet ever been able to unfold. But it 
must be ultimately by means of die vital principle 
that both their mechanical and chemical powers aic 
brought into action. 

I cannot dinniss the subject of circulation wichoot 
mentioning perspiratioUj a secretion which is im- 
mediately connected with it, and acts a aiost im- 
portant part in the aaimal economy. 

CAROLINE. 

Is not this secretion tikewise made by appropriate 
elnds? 

. No ( St is iperfiarnicd by dbe CKU^nitioB «f 
stfi0raei» wfaick penotnte diron^ the ikta asvi 

-tiir fiirjfl^ Amo^ iie 



which the perspiration issues. When this fluid is not 
secreted in excess, it is insensible^ because it is dis- 
solved by the air as it exudes from the pores ; but 
when it is secreted faster than it can be dissolved, it 
becomes smrnkkf as it assuoies its liquid s^te. 

EMILY. 

. This secretion bears a striking resemblance to the 
transpiration of the sap of plants. They both con- 
sist of the most fluid parts, and both exude from the 
sur£ice by the extremities of the vessels through 
which they circulate. 

MRS. B« 

And (he analogy does not stop there ; f6r» since it 
iias been ascertained that the sap returns into the 
jroots of the plants, the resemblance between the aos- 
utol and vegetable circulation is become much more 
complete. 

We have now, I think, traced the proceH of no* 
trition, from die introduction of the food into the 
stomach to its finally becoming a constituent part 
of the animal frame. This will, therefore, be a fit 
period to conclude our present conv«i]sation. What 
further remarks we have to make on the animal 
economy shdU be reserved for our next interview. 
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CONVERSATION XXIII. 

ON ANIMAL HEAT: AND ON VARIOUS 
ANIMAL PRODUCTS. 



EMILY. 

Since our last interview, I have been thinking 
much of the theory of respiration ; and I cannot 
help being struck with the resemblance which it 
•appears to bear to the process of combustion. For 
in respiration, as in nro^ cases of combustion, the 
air su0ers a change, and a portion of its oxygen 
combines with hydrogen and .carbone, producing 
carbonic acid and water. 

* 

MRS. B. 

I am much pleased that this idea has occurred to 
you : these two processes appear so very analogous, 
that it has been supposed that a kind of corabi»tion 
actually takes place in the lungs ; not of the blood, 
but of the superfluous hydrogen and carbone which 
the oxygen attracts from it. 
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CAROLIN£. 

A combustion in our lun2s ! that is a curious 
idea indeed I But, Mrs* B., how can you cail the 
action of the air on the blood in the lungs, combus* 
tion, when neither light por heat are produced 
by it? 

EMILY. 

I was going to make the same objection .-^Yet I 
do not conceive how the oxygen can combine with 
the hydrogen and carbone, and produce water and 
carbonic acid, without disengaging heat ? 

AIRS* Bm 

The feet 189 that heat is disetigaged. Whe- 
ther any light be evolved, I cannot pretend to deter*^ 
mine; but that heat is produced in considerable and 
very sensible quantities is certain, and this is the 
principal, if not the only source of animal heat. 

EMILY. 

How wonderful ! that the very process which 
purifies and elaborates the blood, should afford an 
inexhaustible supply of internal heat ! 

AlRS« J). 

This is the theory of animal heat in its original 
simplicity, such as it was iirst proposed by Black 
and Lavoisier. It is equally clear and ingenious ; 
and was at first generally adopted. I'uc it was oh- 
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jected, on second considdnnion) that if the whole of 
die aaknal heat was evolved in the lungs, it would 
necessarily be much leas in the extferatties of die 
body, dian immediately at its source ; which is not 
feand to be the case. This objection, however, 
which was by no means frivolous, is now satisfac-^ 
torily answered by means of the improved theory 
of respiration whidi I mentioned la«t. According 
to this hypothesis, you recoHect, the changes which 
the blood undergoes in consequence of respiration, 
only begin in the lungs, and gradually continue 
during circulation. Therefore the animal heat, 
which is the consequence of those changes, like- 
wise begins in the lungs, and afterwards coarinues 
duririg the whcie circulatioa ; and heat is dkss uni* 
fermly diffused thcoui^ioiit every part of the fao^« 

More and more admirable I 

^ Now let me hear whether ynn em expiain how 
animal heat i$ produced. You, Cardlkie, tell me 
in what manner it is first evolved in the lungs ? 

CAROX»rN£» 

Part of the oxygen gas inspired, immediately 
combines in the lungs with the loose carbone and 
hydrogen ct the venous blood; and the caloric 



ovolved during tbb combinatiofty b«comei animal 
heat. 

MRS. 6* 

Very well ; but you must observe, that the whole 
of the oxygen inspired at a breath is not coosumed 
by one respiration : a <:onsiderable part of it is ex- 
piredy so that we may breathe the same portion of 
air sereral times before die whole of the oxygen is 
ci^nded.«**Now^ Emily, will you explain to mo 
in what manner an uniform degree of beat is kept 
1^ throughout the body ? 

£MILY. 

I 

. A qppantity of oxygen enters into die circidatioii^ 
during which it gradually combines with die hydro** 
gen Mid ctrbone of the blood, thus producing a 
constant disengagement of heat throughout ev^ 
part of the body. 

Very w«fl, indeed. You have in a few words 
stated neariy aB diat caa be said on the subject, t 
must^ however, mention another circumstance which 
may contribute to account for die gradual evoludon 
of animal keat. It appears, from some experi* 
mencs, diat the blood, in consequence of the suc« 
cessive changes it undergoes during ciicsiation (by 
wlueh it is gradually converted from arterial into 
venous blood), has its capacity for caloric 

VOL. II. N 
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diminished. What must be the consequence of 

this? 

EMILY, 

If the capacity of the blood for j^oiic becomes 
less, heat, of course, must be dii 



Exactly no ; and therefore in additional quantity 
of animal heat is thus generated. However, cfac 
heat produced in this way is but trifling, and cotiU 
only account for a very small portion of the animal 
temperature. 

CAROLINE. 

The cause of animal heat was always a perfect 
mystery to me, and I am delighted with its explana* 
tIon««— But pray, Mrs. B., can you tell me what is 
the reason of the increase of heat that takes place in 

a fever ? 

EMILY. 

Is it not because we then breathe quicker^ and 
fterefore more heat is disengaged in the system ? 

MRS. B. 

That may be one reason: but I should d^ink 
that the principal cause of the heat experienced in 
fevers, is« that there Is no vent for the caloric which 
is generated in the body. One of the ra0st consi- 
derable secretions is ihe inbcnsibie perspiradou ;- this 



267 

is con6taotiy carrying off caloric in a latent stat6 ; 
but during the hot stage of a fever, the pores are so 
contracted that all perspiration ceases, and the ac- 
cumulation of caloric in the body occasions those 
burning sensations that are so painful. 

£MILY. 

This is, no doubt) tfie reason why the perspira- 
don that often succeeds, the hot stage of a fever 
afibrds so much relief. If I had known this theory 
of animal heat when I had a fbver last summer, I 
think I should have found some amusement in 
watching the chemical processes that were going 
on witliin me* 

CAROXiIME. 

/ But exercise likewise produces animal heat, and 
•that must be quite in a different manner. 

MRS. B. 

Not so much so as you think ; for the more ex- 
' ercise you take, the more the body is stimulated, 
and requires recruiting. For this purpose the cir- 
culation of the blood is quickened, the breath pro« 
portionably accelerated, and consequently a greater 
quantity of caloric evolved. 

- CAROLINE. 

True; after running very fast, I gasp for 

N2 
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breadif my respiration is quick and haid^ and it is 
just then that I begin to fed hot. 

EMILY. 

It would seemt then, that violent exercise should 
produce fever. 

MRS. B. 

Not if the person is in a good state of health; 
for the additional ^bric is then carried off bj the 
penpiration which succeeds. . 

£MILY. 

What admirable resources na^ire has provided 
for us ! By the production of animal heat she has 
enabled us to keep xxp die temperature of our bodies 
above that of inanimate otigects ; and virhenever this 
source becomes too abundant, the excess is canied 
off by perspiration. 

MRS. B. 

It is by the same law of nature that we ai« en* 
abledy in all climates, and in all seasons, to preaerve 
our bodies of an equal temperature, or at least very 
nearly so. 

CAROLINE. 

You cannot mean to say that our bodies are of 
the same temperature in summer and in winter, in 
England, and in the West Indies ? 
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MRS. B. 

Yes, I do; at least if you speak of the tempera- 
ture of the blood, and the internal parts of the body ; 
for those parts that are immediately in contact with 
the atmosphere, such as the hands, and face, will 
occasionally get warmer, or colder, than the inter- 
nal or more sheltered parts. If you put the bulb of 
a thermometer in your mouth, which is the best 
way of ascertaining the real tempeiature^ of your 
body, you will scarcely perceive any diflFerence in 
its indication, whatever may be the difference of 
temperature of the atmosphere. 

CAROLINE. 

And when I feel overcome by heat, I am really 
not hotter than when I am shivering with cold? 

MRS. B. 

When a person in health feels very hot, whether 
from internal heat, from violent exercise, or from 
the tehiperature of the atmosphere, his body is cer- 
tainly a little warmer than when he feels very cold ; 
but this difference is much smaller than our sensa- 
tions would make us believe ; and the natural stand- 
ard is soon restored by rest and by perspiration. 
I am sure that you will be surprised to hear that 
the internal temperature of the body scarcely ever 
descends below 95^ or 96^, and hardly ever attains 
104^ or 105^ f even in the most violent fevers. 

N^ 
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EMILY. 

The greater quantity of caloric^ therefore, that 
we receive fiom the atmosphere in summer, cannot 
raise the temperature of our bodies, beyond certain 
limits, (as it does that of inanimate bodies), because 
an excess of caloric is carried off by perspiration. 

CAROLINE. 

But the temperature of the atmosphere, and con- 
sequently that of inanimate bodies, is surely never 
so high as that of animal heat ? 

MRS. B» 

I beg your pardon. Frequently in the East and 
Wesf ^Indies, and even sometimes, in the southern 
parts of Europe, the atmosphere is above 98**, 
•which is the common temperature of animal heat. 
Indeed, even in this country, it occasionally happens 
that the sun's rays, setting full on an object, elevate 
its temperature above that point. 

In illustration of the power which our bodies 
have to resist the effects of external heat, Sir Charles 
Blagden, with some other gentlemen, made several 
very curious experiments. He remained for some 
time in an oven heated to a temperature not much 
inferior to that of boiling water, without suffering 
any other inconvenience than a profuse perspirationy 
which he supported by drinking plentifully. 
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EMILY. 

He could scarcely consider the perspiration as an 
inconvenience, since it saved him from being baked, 
by giving vent to the excess of caloric. 

CAROLINE. 

I always thought, I confess, that it was from 
the heat of the perspiration that we suffered in 
summer ? 

MRS. B. 

You now find that you were quite mistaken. 
Whenever evaporation takes place, cold, you know, 
is produced in consequence of a quantity of caloric 
being. carried off in a latent state^; this is the case 
with perspiration, and it is in this way that it affords 
relief. It is for the same reason that tea. is often 
rctfreshing in summer, though it appears to heat you 
at the moment you drink it. 

* 

EMILY. 

Aq^ in winter, on the contrary, tea is pleasant 
4>n account of its heat ? 

MRS. B. 

Yes ; for we have then rather to guard against 
a deficiency than an excess of caloric, and you do 
not find that tea will excite perspiration in winter^ 
unless after dancing, or any other yiolent eagercise. 

^ 4 
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done. In diis case, therefore, the butter-milk is 
deprived of the creamed milk, which contains both 
the cord and -whey. Besides, in consequence of the 
nSk remaining exposed to the atmosf^ere during 
the separation of the cream, the latter becomes 
more or less acid, as well as the butter-milk which 
it yields in churning. 

EMILY. 

Why should not the batter be equally acidified 
by oxygenation ? 

MRS. B. 

Animal oil is not so easily acidi6ed as the other 
mgnSents of milk. Butter, therefore, thou^ 
tisually made of sour cream, is not sour itself, b6- 
cause the oily part of the cream bad not been acK- 
dified. Butter, however, is susceptiUe of becoming 
void by an excess of oxygen ; it is then said to be 
nncid, and produces the sebacic acid^ the same 
which is obtained from fkt. 

EMILY. 

If that be the case, might not rancid butter be 
sweetened by mixing with it some substance that 
would take the acid from it } 

MftS. B« 

This idea has been suggested by M^« Davy, wko 
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which we consider as most deleterious^ are as 
heahhjr as ourselves ; and if such climates are un- 
wholesome to those who are habituated to a more 
moderate temperature, it is because the animal eco- 
nomy does not easily accustom itself to consider- 
able changes. 

CAROLINE. 

But pray, Mrs. B., if the circulation preserves 
the body of an uniform temperature, how does It 
happen that animals are sometimes frozen? 

» 

MRS. B. 

Because, if more heat is carried oflF by the atmo- 
sphere than the circulation can supply, the cold 
will finally prevail, the heart will cease to beat, 
and the animal will be frozen. And likewise, if 
the body remained Icmg exposed to a degree of heat, 
-greater than the perspiration could carry off, it^ 
would at last lose the power of resisting its de- 
structive influence. 

CAROLINE* 

Fish, I suppose, have no animal heat, but partake 
of the temperature of inanimate objects i 

EMILY. 

And their coldness, no doubt, proceeds from their 
not breathing ^ 

N 5 
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MRS. B. 

AH kinds of fish, I believe, breathe more or less, 
though in a much smaller degree than land animals* 
Nor are they entirely destitute of animal heat, 
though for the same reason they are much colder 
than other creatures. They have comparatively 
but a very small quantity of blood, therefore but 
little oxygen is required, and a proportionally small 

quantity of animal heat is generated. 

* 

* 

CAROLINE. 

But how can fish hceathe under water ? 

MRS. B. 

Some of them raise their heads above the water 
to breathe v and others are supposed to be endowed 
by nature with the power of decomposing water 
and absorbing oxygen from it. Besides, water al- 
ways ' contains air mixed with it, which the fish 
may possibly apply to the purposes of respiration. 
Whatever the case may be, it is certain that several 
kinds of fish have reservoirs- of air, or air bags, 
from which they have probably the means of sup^ 
plying the gills, an or^n which^ in the respiratkn 
of fish, answers the double purpose of mouth and 
lungs. 

CAROLINE. 

Are there any species of animals that breathe 
more than we do ? 
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MAS. B. 

Yes ; birds, of all animals, breathe the greatest 
quantity of air in proportion to their size j and it is 
to Cbis that they are supposed to owe the peculiar 
iirnmess and strengdi of their muscles, by which 
they axe ^labled to si^ort the violent exejrtioa of 
flying. 

This difference between birds and fish, which 
may be considered as the two extremes of the scal0 
of muscular strength, is. well worth observing. 
Birds residing constantly in the atmosphere, sur-^ 
rounded by oxygen, and resi^ring it in greater pro- 
portions than any other species of animals, ate en- 
dowed with a superior degree of muscular strength,^ 
whilst the muscles of fish, on the contrary, are 
flaccid and oily ; these animals are comparatively 
slow and feeble in their motions, and their tempera^ 
ture is scarcely above ihat of the water in which 
they live. This is, in all probability, owing to their 
knperfect respiration ; the quantity of hydrogen and 
carbone, that is in consequence accumulated in their 
bodies, forms the oil which is so strongly charac-* 
leristic of that species of animals, and which relaxes 
and softens the small quantity -of Ebrine which 
ibeir muscles contain.- 

CAROLINE. 

Bul, Mrs-'B., there are some species of birds that 
frequent both elements, as, for instance, ducks and 

K 6 
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Nor are pure curds so well adapted for the 
formatioit of cheese* For die nature and flavour of 
the cheese depends, in a great measure, upon the 
cream or oily matter which is left in the curds; 
to that if every particle of cream be removed ftx)m 
the curds, the cheese is scarcely eatable. Rich 
cheeses, such as cream and Stilton cheeses; derive 
their excellence from the quacitity, as well as the 
quality, of the cream that et^ters into their composi- 
tion. 

CAKOLINE* 

I had no idea that milk was such an interesting 
compound. In many respects there appears to me 
to be a very striking analogy betw^n milk and the 
conteots of an egg, both in respect to their nature 
«nd their use. They are, each of them, composed of 
die various substances necessary ft>r the nourishment 
of the young animal, and equally destined for that 
purpose* 

There is, however, a very essential difference. 
The young animal is formed, as well as nourished, 
by the contents of the egg-shell ; whilst milk serves 
as nutriment to the suckling, only after it is born. 

There are several peculiar animal substances 
which do not enter into the general enumeration of 
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they contain propottionadly a greater quantity of 
blood than other animals* 

I have now given yon a thort account of th^ 
principal animal functions. However interesting 
the subject may appear to you, a fuller investiga- 
tion of it would) I fear^ lead us too far frpm our 
olgecu 

EMILY. 

- Yet I ihaH not quit it without much regret; for 
of all the branches of chemistry, it is certainly the 
most curious and the most interesting. 

CAROLIKE* 

But, Mrs. B., I must remind yoti that you jpro^ 
mised to give us some account of the nature of miUr* 

MRS. B. 

True. There are several t>ther animal produo^^ 
tions that deserve likewise to be mentioned. We 
shall begin with milk, which is certainly the moat 
important and the most interesting of all the animal 
secretions. 

Milk, like all other animal substances, ultimate- 
ly yields by analysis oxygen, hydrogen, carbone, 
and nitrogen. These are combined in it under the 
forms of albumen, gelatine, oil, and water. But 
milk contains, besides, a considerable portion of phos* 
phat of lime, the purpoies of wfaidi I have already 
painted out. 
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much skill as those of the honey-comb, but difl&rently 
arranged. The principal use of lac is in the manu* 
facture of sealing-wax, and in dying scarlet. 

Mtisky cvoet^ and castpr^ are other particular pro^ 
.ductionSy from different species of quadrupeds. The 
.two fint are very powerful perfumes ; the latter has 
.a nauseous smell and taste, and is only used medici- 
nally. 

CAROLINE. 

It is from this substance that castor oil is ob* 
tained? 

MRS. B. 

No. Far from it, for castor oil is a vegetable 
eiU expressed from the seeds of a pa^icular plants 
«ahd has not the least resemblance to the medicinal 
.substance obtained from the castor. 

SUk is a peculiar secretion of the silk'^wonn, with 
which it builds its nest or cocoon. This insect was 
originally brought to Europe from China. Silk, in 
its chemical nature, is very similar to the hair and 
wool of animals. The moth of the silk*worm 
ejects a liquor which appears to contain a particular 
acid, called bombic^ the properties of which are but 
very little known. 

EMILY* 

Before we conclude the subject of the animal 
economy, shall we not learn by what steps animals 
return to their elementary state.? 
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which it absorbs oxygen. The process fs after* 
wards completed by churning; the violent motion 
which this operation occasions, brings every particle 
of cream in contact with the atmosphere, and thus 
facilitates its oxygenation. 

CAROLINE. 

But the effect of churning, I have often observed 
in the dairy, is to separate the cream into two sub- 
stances, butter and butter-milk ? 

MRS. B. 

That is to say, in proportion as the oily particles 
of the cream become oxygenated, they separate from 
the other constituent paits of the cream in the forn& 
of butter. So by churning you produce, on the 
one hand, butter, or oxygenated oil ; and, on the 
other, butter-milk, or cream deprived of oil. But 
if you make butter by churning new milk instead 
'of cream, the butter-milk will then be exactly simi** 
lar in its properties to creamed or skimmed milk. 

CAROLINE. 

Yet butter-milk is very different from conunoa 
skimmed milk. 

AC RS. B • 

Because you know it is customary, in order to 
save time aad labour to make butter from cream 
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done. In this case» therefore, the batter-milk is 
deprived of the creamed milk, which contains both 
the curd and -vdbey. Besides, in consequence of the 
mSk remaining exposed to the atmosphere during 
the separation of the cream, the latter becomes 
more or less acid, as well as the butter-milk which 
it yields in churning. 

EMILY* 

Why should not the batter be equaHy acidified 
by oxygenation ? 

'MRS* 0« 

Animal oil is not so easily acidi£ed as the other 
ii^Tc die nts of milk. Butter, therefore, though 
ttsmlly made of sour cream, is not sour itself, be- 
cause the oily part of die cream had not been aci- 
dified. Butter, however, is susceptible of becoming 
acid by an excess of oxygen ; it is then said to be 
rancid, and produces the sebacic acid) die same 
yMch is obtained from fet« 

EMILY. 

If diat be the case, might not rancid butter be 
sweetened by mixing wi|h it some substance that 
would take die acid from it } 

This idea has been suggestid by Mr« D^y, who 
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»uppose8» that if rancid butter were well washed in 
am alkaline solution, the alkali would separate the 
^id from the butter. . 

CAROLINE. 

You said just now that creamed milk consisted of 
eurd and whey. Pray how are these separated ? 

MRS. B. 

They may be separated by standing for a certain 
length of time exposed tjo the atmosphere ; but this 
decomposition may be almost instantaneously effect- 
ed by the chemical agency of a variety of sub* 
stances. Alkalies, rennet*, and indeed almost all 
imimal substances, decompose milk by combining 
with the curds. 

Acids and spirituous liquors, on the other b^nd, 
produce a decomposition by combining with the 
whey. In order therefore to obtain the whey pure* 
rennet, or alkaline substances, must be used to «t« 
tract the curds from it. 

But if it be wished to obtain the curds pure, die 
whey must be separated by acids, wiae, or other 
^rituous liquors* 

* Renaet it the nama giTca to a watery infiitua of the coata 
of the ttomach of a tacking calt Ita lemarkable efficacy ia 
promoting coagulation ia supposed lo depend on ilie gastric 
juice with whidi it is imptfeg^mted. 
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EMILY. 

This is a very useful piece of information ; for I 
find white-wine whey, which I sometimes take 
when I have a cold, extremely heating; now, if 
the whey were separated by means of an alkali in- 
stead of wine, it could not produce that effect. 

MRS. B* 

Perhaps not* But I would strenuously advise yon 
not to place too much reliance on your slight cho- 
mical knowledge in medical matters. I do not 
know why xvhey is not separated from curd by ren*- 
net, or by an alkali, for the purpose which you men* 
tion; but I strongly suspect that there must be some 
good reason .why the preparation by means of wine 
is generally preferred. I can, however, safely point 
out to you a method of obtaining whey without either 
alkali, rennet, or wine ; it is by substituting lemoa' 
juice, a very small quantity of which will separate 
it from the curds. 

Whey, as an article of diet, is very wholesome ; 
It is the most nutritive part of the milk, and the 
lightest of digestion. But its effect, taken medici- 
nally, is chiefly, I believe, to excite perspiration^ by 
being drunk warm on going to bed. 

It appears that the nutritive particles of whey 
may be obtained in crystals by evaporation ; in this 
state they are called salts, Qr more conunonly 
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sugar of milk. This salt is sweet to the taste, and 
in its composition is so analogous to sugar, that it 
is susceptible of undergoing the vinous fermenta- 
tion. 

CAROLINE. 

Why then is not wine, or alcohol, made from 
whey ? 

MRS. B« 

The quantity of «ugar contained in milk is so 
trifling that it can hardly answer that purpose. I 
have heard of only one instance of its being used 
for the production of a spiritous liquor, and this is 
by the Arabs ; their abundance of horses, as well as 
their scarcity of fruits, has introduced the fermen** 
tatioQ of mares' milk, by which they produce a li- 
quor called koumiss. Whey is likewise susceptible 
of being acidified ^by combining with oxygen from 
the atmosphere. It then produces the laciic acidy 
which you may recollect .is mentioned amongst the 
animal acids, as the acid of milk. 

Let us now see what are the properties of curds. 

EMILY. 

I know that they are made into cheese; but, I 
liave heard that for that purpose they are separated 
from the whey by rennet, and yet this you have just 
told us is not the ptiethod of obtaining pure curds? 
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MRS^. B. 
Nor are pure curds so wtU adapted lor dte 
ibnnatioa ai cheese. For the nature and flavoor of 
the cheese depends, in a great measure, upon the 
cream or oily matter which is left in the curds i 
«o that if every particle of cream be removed from 
the curds, the cheese is scarcely eatable. Rich 
cheeses, such as cream and Stilton cheeses; derive 
their excellence from the quaetity, as well as the 
quality, of the cream that afters into their composi- 
tioQ. 

CAROLIHE. 

I had no idea that milk was such an interesting 
compound. In many respects there appears to me 
to be a very striking analogy betwiffen mtlk and the 
contents of an egg, both in respect to their nature 
attd their use. They are, each of them, compo9«d of 
the rarioiis substances necessary fur the nourishment 
of die young animal, and equally destined for that 
purpose. 

HIS. B. 

There is, however, a very essential di^rcncc. 

Tlie young animal is formed, as well as nourished, 

by the contmis of the egg-Khell ; whilst milk serves 

as nuirimCnt to the suckling, only after it is born. 



are several peculiar animal substances 
not enter into the general enumeration of 
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animal compound$> and which, however, deserve to 
be mentioned. 

Spermaceti is of this class ; it is a kind of oil]r 
substance obtained from the head of the whale, 
which, however, must undei^o a certain prq^m- 
tion before it is in a fit state to be made into can* 
dies. It is not much more combustible dian tallow, 
but it is pleasanter to burn, as it is less fusible and 
less greasy. 

jimhergris is another peculiar substance derived 
from a species of whale. It is, however, seldom 
obtained from the animal itself, but k generally 
found floating pn the surface of the sea. 

WaXf you know, is a concrete oil, the peculiar 
product of the bee, part of the constituents of whidi 
may probably be derived from flowers, but so pre- 
pared by the organs of the bee, and so mixed with 
its own substance, as to be decidedly an animal 
product. Bees'- wax is naturally of a ydlow colour, 
but it is bleached by long exposure to the atnK>- 
spbere, or may be instantaneously whitened by the 
oxy-muriatic acid. The combustioa of wax is fir 
more perfect tban that of tallow, and consequently 
produces a greater quantity of light and beat. 

Lac is a substance very similar to wax in the 
manner of its fonnation ; it is the product of an in- 
sect» which collects its ingredients from floweis, ap- 
parently for the purpose of protecting its q;gs iram 
injury. It is formed into cells fabricated with as 
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much skill as those of the honey-comb, but diffcmidir 
arranged. The principal use of lac is in the manu- 
facture of sealing-wax, and in dying scarlet. 

Musky civety and castor j are other particular pro* 
.ductionSy from different species of quadrupeds. The 
.two first are very powerful perfumes ; the latter has 
,a nauseous smell and taste, and is only used medici- 
nally. 

CAROLINE. 

It is from this substance that castor oil is ob- 
tained? 

MRS. B. 

No. Far from it, for castor oil is a vegetable 
oil, expressed from the seeds of a particular plants 
«ahd has not the least resemblance to the medicinal 
substance obtained froni the castor. 

SM is a peculiar secretion of the silk* worm, with 
which it builds its nest or cocoon. This insect was 
(M-iginally broi^ht to Europe fi-om China. Silk, in 
its chemical nature, is very similar to the hair and 
wool of animals. The moth of the silk* worm 
ejects a liquor which appears to contain a particular 
acid, called bombicy the properties of which are but 
very little known. 

EMILY* 

Before we conclude tbe subject of the animal 
economy, shall we not learn by what steps animals 
return to their elementary state? 
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MRS. B« 

Animal matter, although the most complicated of 
all natural substances, returns to its elementary state 
by one single spontaneous process, the putrid fer^ 
tnentation. By this, the gelatine, albumen, and fi* 
brine, are slowly reduced to the state of oxygen, 
hydrogen, nitrogen, and carbone ; and thus the cir- 
cle of changes through which these principles have 
passed is finally completed. They first quitted their 
elementary form, or their combination with unoi^a- 
sized matter, to enter into the vegetable system* 
Hence they were transmitted to the animal kingdom ; 
stud from this they return again to their primitive 
simplicity, soon to re-enter the sphere of organized 
existence. 

When all the circumstances necessary to pro* 
duce fermentation do not take place, animal, like 
vegetable matter, is liable to a partial or imperfect 
decomposition, which converts it into a combustible 
substance very like, spermaceti* 1 dare say that 
Caroline, who is so fond of analogies, will con- 
sider this as a kind of animal bitumen. 

CAROLINE. 

And why should I not, since the processes that 
produce these substances are so sia^Uar ? 

MRS. B. 

There is, however, one considerable difference ; 
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the state of bitumen seems permanent, whilst that 
of animal snfastances, thus imperfectly decomposed^ 
is only transient ; and, miless precautions be taken 
to preserve diem in that state, a total dissolution in- 
faUiUy ensues. This circumstance, of the occa- 
sional conversion of animal matter into a kind of 
spermaceti, is of late discovery. A manufacture 
has in co ns equence been established near Bristol, in 
which, by exposing the carcasses of horses and other 
animals for a length of time under water, the muscu- 
lar parts are converted into this spermaceti-like sub- 
stance. The bones afterwards undergo a different 
process to produce hartshorn, or, more properly, 
ammonia, and phosphorus ; and the skin is prepared 
for leather. 

Thus art contrives to enlarge die sphere of use* 
ful purposes, to which the elements were intended 
by nature ; and the productions of the several king- 
doms are frequendy arrested in their course, and va- 
riously modified, by human skill, which compels 
them to contribute, under new forms, to the necet- 
sides or luxuries of man. 

But all that we enjoy, whether produced by the 
spontaneous operadons of nature, or the ingenious 
efforts of art, proceed alike from the goodness of 
Providence.—- To God alone man owes the admi- 
rable faculdes which enable him to improve and 
modify the productions of nature, no less dian those 
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productions themselves. In contemplating the works 
of the creation, or studying the inventions of art, 
let us, therefore, never forget the Divine Source from 
which they proceed; and thus every acquisition 
of knowledge will prove a lesson of piety and 
virtue. 
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